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PREFACE 


This book offers an exposition of a new technique for the selec- 
tion of industrial personnel. The method described has been in 
process of development since 1937. It consists primarily in de- 
signing special performance tests that embody the essential ele- 
ments of dexterity and perception discovered by the analysis of 
an industrial job or the analyses of a group of similar jobs. In- 
asmuch as the relation between the tests and the jobs for which 
they are designed is easily perceived, the method has the advan- 
tage of appealing strongly to common sense. 

The procedures described imply that the individual who under- 
lakes to use this technique must have a working knowledge of 
time and motion study, of machine design, of industrial psychol- 
ogy of the conventional sort, of human anatomy and physiology, 
and of elementary statistics. Any competent employment or 
personnel worker possessed of adequate training and ingenuity is 
therefore well equipped to administer such a program for the 
selection of employees. 

'The method is still neither complete nor all-embracing. Never- 
theless, it is contended that at this stage in its formulation it 
offers a more realistic and practical method for the selection of 
personnel than anything heretofore available. It is further be- 
lieved that greater progress in the continued development of this 
technique will be made if it is adopted as part of the standard 
curriculum for the training of industrial engineers than if it is 
left to persons whose training is primarily psychological and 
whose interests are largely clinical. 

The author wishes to express his indebtedness to the many in- 
dustrial organizations assisting in the developments sct forth. 
Gratitude is due the Eagle Pencil Company, its officers and execu- 
tives, for the combination of circumstances that emphasized the 
initial need for a better technique of personnel selection; John- 
son & Johnson, partieularly to R. W. Johnson, chairman of the 
board, for the opportunity to develop and utilize the procedures 
in their several new factories, in both New Brunswick and Chi- 

v 


a PREFACE 


cago; United Merchants and Manufacturers Management Cor- 
poration, especially to Merwin R. Haskel, vice-president, for the 
further opportunity to employ the method in the staffing of sev- 
eral new textile mills. No less appreciation is due the thousands 
of employees and applicants for jobs in the nine factories where 
the tests have been used. Their cooperation and interest were 
rarely withheld. 

The author desires to record the appreciation due other persons 
who have assisted him directly in highly significant ways. 
Thanks are extended to Allan H. Mogensen, industrial engineer 
and nationally known specialist in Work Simplification, for em- 
phasizing the need and practicability of a common-sense ap- 
proach to the measurement of human abilities; to Clifton H. Cox, 
industrial engineer, formerly of Johnson & Johnson, for helpful 
advice and assistance in the practical design and application of 
the tests; to Betty Martin, formerly of the same organization, 
for sustained and enthusiastic assistance in the application of 
the tests; to Holger D. Oleen, industrial engineer, a colleague in 
the work at both the Eagle Pencil Company and the United 
Merchants and Manufacturers Management Corpor: 
inventive ingenuity and keen mathematical insight have resulted 
in valuable contributions to the technique; and to Frances 
Spodick, formerly executive assistant in the Methods Department, 
United Merchants and Manufacturers Manageme 
who has shared in these developments from the 
and has assumed the major res 
this form. 


ation, whose 


nt Corporation, 
ir first inception 
ponsibility for their exposition in 


The presentation of any new development in scientific manage- 
ment may not justly conclude without acknowledging a continu- 
ing debt to Frederick W, Taylor. Every real contribution to this 
movement is colored by the spirit and zeal which characterized 


his pioneering efforts, Every worker in this province must admit 
him as a partner in the work. 


CHARLES А. DRAKE. 
New Yor, N. Y, 


August, 1942. 
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PERSONNEL SELECTION BY STANDARD 
JOB TESTS 


INTRODUCTION 
MANAGEMENT AS A PRACTICAL ART 


One might as well concede at the outset of any discussion of 
management as a practical art that industry exists for the pur- 
pose of making profits, and not primarily for the sake of giving 
jobs, achieving social justice, or even producing goods. It must 
be further conceded that the production of profits is the primary 
function of management and that, in the long run, success in the 
achievement of profits will be the measure against which man- 
agement is judged. 

Management has made rapid strides in the improvement of 
machines and processes and in the development of instruments 
for their control. Far less success has attended its efforts in 
dealing with the human beings working within the industrial 
structure. Only recently has the human factor been recognized 
as measurable and predictable within reasonable limits. All 
science involves measurement, and the weakness of management 
when it deals with the human factor lies in the inadequacy of 
its techniques of measurement. However, steps are now being 
taken to improve and multiply the instruments of such measure- 
ment, and this in turn implies progress in the management of 


men. 
Strarus or SCIENTIFIC MANAGEMENT 


During the carly part of this century, the introduction of 
scientific management by Frederick W. Taylor and others who 
followed his lead attracted a large amount of attention. Some 
of the results reported by these early experimenters were as- 
tounding. The work of the Gilbreths, particularly, emphasized 
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the decrease in fatigue that might result from the elimination 
of unnecessary motions and the use of cycles of operation ar- 
rived at by experimental procedures. | " 

Astonishing as these early results were, they failed to stimu- 
late a strong national movement in scientific management. The 
fine prospect that scientific management might become an art 
with professional status has not been fulfilled. What remains 
of the movement is found, in most industries, in the work of 
time- and motion-study engineers. This is hardly encouraging 
in view of the fact that industrial engineering has often been 
boiled down to a single course in the engineering-school cur- 
riculum, and time- and motion-study techniques have 
taught descriptively rather than embodied in laborator 
field activities. 


been 
y and 


ATTITUDE TOWARD TIME AND Motion Srupy 


During and since the First World War, there has been a 
growing and organized opposition to the use of time-study 
techniques on the part of certain employers, some labor unions, 
and many government agencies. The United States Budget for 


1940, as presented by the President on Jan. 3, contains this 
provision on page 742: 


No part of the appropriations made in this Act shall be available 
for the salary or pay of any officer, manager, superintendent, foreman, 
or other person having charge of the work of any employee of the 
United States government while making or causing to be made with 
a stop-watch, or other time-measuring device, a time study of any 
job of any such employee between the starting and completion thereof, 


or of the movements of any such employee while engaged upon such 
work; ete. 


Regardless of how 


seriously we may view this restriction, 
which is oby 


lously designed as a safeguard for the millions of 
government employees covered by the act, it points definitely 
to two significant conclusions: (1) Time-study engineers have 
failed to "sell" their techniques in certain high quarters, and 
(2) there is still sufficient doubt about the scientific validity of 
their techniques to make safeguards against them a matter of 
publie policy. The redundant effect of such a provision in law 
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is to bring these techniques under still greater suspicion in pri- 
vate industry. 

For this result the time-study engineers are not wholly to 
blame. Much of their work has been concerned with an area 
in which measurement was lacking, that of the levels of inherent 
abilities in the persons whose performances they were measur- 
ing. This left their conclusions resting partly on a basis of 
sound measurement, partly on a basis of assumption and trial 
and error, 

Any adequate solution of their problem involves the conver- 
sion of this area of trial and error to one of sound scientific 
procedures guided by principles evolved from experimentation. 
The responsibility of the men now practicing as time-study 
engineers is to inform themselves on what has been done in the 
scientific aspects of their art, how it has been done, and how 
they may extend and apply the findings in their own work. The 
responsibility of engineering schools is to further the basie re- 
search, which is now well started and clearly defined, and to 
make suitable instruction available to their graduates who go 
into the time-study field. 

The trial-and-error area to which particular reference is made 
is that of human individual differences in abilities and aptitudes 
significant for industry. As long as jobs are set up with a nice 
regard for the technical requirements of production but with 
workers assigned to those jobs on a trial-and-error basis, the 
work of the time-study engineer will be only partly scientific. 
It can merit publie confidence and scientific approval only when 
this practice is ended. How may this be done? 

It may afford a comforting alibi to assert that the engineer 
must wait for the psychologist to present the findings of basic 
research, This is neither true nor helpful. The psychologist 
has no monopoly on, or vested interest in, such basic research. 
Since psychological research is largely occupied with other prob- 
lems, we may wait a long time for such results. 

What is required is a better method for selecting the right 
man for the right job. Only when such a method is in opera- 
tion ean the time-study engineer proceed with any assurance 


1 Adapted from The Time-study Engineer and Aptitude Testing, Journal 


of Engineering Education, vol. 29, no. 10, pp. 856-857, June, 1939, by the 


author, 
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that the individuals he is measuring are the ones who are best 
fitted for the job in question. Moreover, he should know with 
certainty whether such individuals are merely of average ability 
for the job or whether they diverge from average by some meas- 
ured amount. 

The numerous excellent texts on time-study techniques are 
evidence of the progress that has been made in the mechanical 
aspects of the subject. There has not been, however, a parallel 
development in direct measurement of the human factor. Skill 
and effort ratings have, therefore, been used to overcome, at 
least partially, this lack of exact measurement. 


RATING SCALES AND VERBAL TESTS 


Rating scales have frequently been employed where it has 
seemed impossible to construct tests. Such scales have certain 
inherent weaknesses arising out of the fact that they depend 
upon subjective judgments and lack a common unit of measure- 
ment as a basis. The results obtained are qualitative rather 
than quantitative in nature. Properly handled, however, these 
results are better than unsystematie, offhand judgments. It often 
happens that the areas that have been subjected to evaluation 
by rating methods are later found to be more directly measur- 
able through the use of tests. The latter, in general, are better 
than rating scales, just as rating scales, in turn, are better than 
less systematic, subjective judgments. 

A good example of the foregoing process is found in the his- 
tory of intelligence testing. The earlier inferences of an indi- 
vidual’s intelligence made from observations of his behavior 
were later organized into a standard procedure in which scales 
were employed as measuring instruments. Finally, the scales 
became standardized and grouped in the familiar test form. 

Tnfortunately, the measurement of intelligenee has contrib- 
uted comparatively little toward the solution of industrial prob- 
lems in the way that many enthusiasts had hoped. Those who 
have employed intelligence tests for the selection of industrial 
employees have been disappointed at the lack of relationship 
found between the test results and performances on jobs. Even 
in the selection of inspectors such tests have not proved useful. 

In the selection of management personnel, the use of such 


MANAGEMENT AS A PRACTICAL ART 5 


tests has been more promising. The management function re- 
quires a high degree of ability in dealing with abstractions. It 
is concerned with perception of cause-and-effect relations, rea- 
soning, and imagination, all areas in which the conventional 
intelligence test is discriminative. Sound management practice 
involves the ability to apply principles in actual practice. While 
it does not follow that the ability to grasp a principle and ex- 
press its application verbally is synonymous with the ability to 
apply the principle in practice, it is nevertheless true that this 
ability, when identified by a verbal test, may be fairly inferred 
to foreshadow its carry-over into practice. 

The foregoing type of inference has also been found valid in 
the use of trade-knowledge tests for employment purposes. In 
these tests an applicant is asked specific questions about the 
tools, the conventions, and the nomenclature of the trade in 
which he professes knowledge and skill. The verbal answers are 
then scored to afford a basis from which an inference is made 
about his competence as a craftsman. Such tests do not afford 
a sound basis for a forecast of the individual’s capacity for fur- 
ther development. They offer simply an economical procedure 
for the determination of the applicant’s present status. 

Certain more generalized tests of mechanical aptitude have 
been widely employed as a basis for forecasting certain mechan- 
ical abilities and for the selection of applicants for instruction. 
The theory behind the construction of such tests is that me- 
chanical interests lead to knowledge of mechanical movements, 
mechanisms, and principles, and that such knowledge is, in 
turn, indicative of underlying mechanical ability. General 
mechanical aptitude tests have not proved to be useful instru- 
ments for the art of management in industry. Many industrial 
jobs seem to require little of this general ability. The average 
industrial employee requires abilities that are more largely 
determined by his anatomy and physiology than by generalized 
mechanical interest. Consequently, the tests that will measure 
the abilities required by industrial jobs must isolate and meas- 
ure specific aspects of the individual’s anatomy and physiology, 
such as motor coordinations and perceptions. 
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Motor coordinations include finger dexterities, ability to work 
with simultaneous or disparate movements of the two hands, 
with two hands and one foot, with one hand and two feet, or 
with both hands and both feet. The measurement of such co- 
ordinations can be made only with test mechanisms upon which 
the applicant can actually demonstrate the degree of control 
possessed. 

Perceptual measures pose a problem requiring a somewhat 
different solution. Perception is defined as the first response 
after sensation. Thus, when we see an orange we see a colored, 
spherical object. Our next response is to identify this object as 
an "orange" rather than as a colored ball, a grapefruit, or an 
apple. This second response is the perception and gives mean- 
ing to the original sensation of sight. The perceptual process 
rejeets the inappropriate meanings and accepts the item most 
appropriate. 

In measuring perception, we are in constant danger of con- 
fusing the perceptual response with the first or sensory response. 
This may lead to incorrect inferences and disappointments in 
practice. For example, for a long time it has been thought that 
perfect eyesight is a guarantee of perfect perceptions. Research 
has shown that perfect vision affords no such guarantee, that 
with persons of normal vision there is a wide range of ability in 
the speed and accuracy of perception. This is discussed in de- 
tail in Chaps. IV and V. 

This distinction between sensation and perception must be 
observed in the construction of tests and the interpretation of 
test results. Poor vision is not disqualifying for certain jobs. 
Nearsightedness may be a positive asset, because under certain 
conditions it is shown that this condition favors perception of 
the sort required in close and fine handwork. On the other 
hand, certain eye defects impose a marked handieap upon the 
speed and accuracy of pereeptions. In the praetieal work on 
the job, we are more concerned about the quality of perceptual 
ability than about the eyes as organs of sensation. 
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CONCEPT or PROBABLE ERROR 
- [ 


Since no measuring instruments are perfect, the measurements 
made are always accurate within determinable limits. 'These 
limits are statistical concepts and require interpretation in terms 
of the theory of probability. In other words, the measurements 
made must be interpreted in terms of their probable error. This 
probable error expresses the number of chances out of 100 that 
the true value sought by the measurement lies between certain 
limits above and below the measurement obtained by the use of 
the instrument. Thus, if a measured value is found to be 112 
points, and the probable error is expressed as 8 points, the 
chances are 50 out of 100 that the true value lies between 104 
and 120, Within this range, the chances are greatest that the 
value will lie at, or near, 112. Chances are much less than 50 
out of 100 that the true value will lie below 104 or above 120, 
although there is still a probability that can be expressed in 
statistical terms that the true value might be as great as 144 
all as 80. This concept of probable error, due both to 
havior or performance as observed in the 
in time to another point in time 


or as sm 
the variability of be 


same individual from one point 
and to the differences in performances between different indi- 


viduals, is implicit in all handling of the human factor. 

All predictions of human performance are thus shown to be 
arising out of the nature of the human 
organism, the imperfections of the measuring instruments, and 
the inadequacies in the techniques employed. But the amount 
of such errors is determinable within limits, and the implications 
must be thoroughly understood. This concept of probable error 
has long served as the basis for insurance premiums and must 
be made the basis for the forecasts of productive accomplish- 


ment in industry. 
The early exponents of scien 


subject to some errors 


tific management were not obliv- 
ious of this fact of probable error. They did lack, however, an 
adequate teehnique for the measurement of human abilities 
which would yield norms around which probable error might be 
computed. Failure to evolve such techniques may be blamed 
upon the slow development in the area which psychology had 
claimed as its special province. There was no particular reason 
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why the task should have been left to the psychologist. Con- 
sidering the academic preoccupation of the latter, it would seem 
rather more reasonable to have had the basic experimental 
work performed on the job by the practitioners of time and 
motion study. 


RELATING Basic ÅBILITIES TO THE Јов 


There was another factor, rather more prevalent during the 
first two decades of the century than now, that probably oper- 
ated to inhibit the necessary experimentation. This was the 


Taste L—PiN Board E 


ain Applicants | Operators Operators ranked by foreman 
120-129 37 1 (31) 
130-139 81 2 (2) (4) 
140-149 79 6 (6) (10) (12) (13) (26) (29) 
150-159 51 9 (1) (3) (5) (11) (15) (25) (30) (32) (40) 
160-169 54 8 (7) (8) (9) (14) (17) (19) (23) (24) 
170-179 39 4 (21) (22) (28) (33) 
180-189 17 2 (18) (20) 
190-199 9 4 (16) (27) (34) (35) 
200-209 1 1 (30) 
210-219 3 
220-229 1 
230-239 
240-249 1 2 (37) (38) 
250 up T (39) 
"Totals.... 373 40 


view that the range of human motor abilities was so flexible 
that exceptional skill could be achieved merely by a favorable 
combination of willingness and intensive training. Experi- 
mentation within the last fev years has largely dispelled this 
erroneous view. Testing of basic abilities has now arrived at 
the point where the measurements obtained show a highly satis- 
factory relationship to success on the job. As an example of 
one such achievement, examine Table i, above. This gives 
the results of the application of such a test, shown in Fig. 8, 
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page 61, to 413 operators. The scores on this test range from 
120 seconds to more than 250 seconds, i.e., there were some per- 
sons who required more than twice as much time to perform the 
test as others. If we consider 150 seconds as an acceptable 
performance, there is a substantial number of persons who can 
better this record by 20 per cent and another substantial pro- 
portion who will require much more time. Whereas this test is 
extremely significant for identifying the average and above- 
average performers, its greatest utility, from the standpoint of 
production, lies in its power to sift out poor operators, as shown 
in column (4). One may correctly infer from this that the ap- 
plicants who made scores of 170 seconds and more are poten- 
tially poor operators and should not under normal conditions be 
employed for this type of work. 

It should be noted that, of the 14 operators having scores of 
170 seconds or more, 11 were in the lower half of the foreman’s 
rankings. . One might say that the odds are something like 4 to 
1 that the applicants with such scores will become substandard 
operators if they are employed. Certain confidence may be 
placed in the reliability of these rankings by the foreman, since 
they are largely based upon his knowledge of the piece-rate 
earnings of these operators. 

This particular test does not show as great a range of ability 
as do other tests that have been constructed. On some of the 
latter the slowest operators required six times as much time as 
the speediest operators. 

The time-study engineer must know the basic ability of the 
person whose operation he is studying. If he can be sure that 
this person is at the norm, or 100 per cent level, or that he is 
at 120 per cent or at 80 per cent of normal, he ean establish his 
standard times with assurance. If, however, the basic ability 
of the operator is unknown, the time-study engineer can only 
make his estimates subject to much larger probable errors. If 
human ability is to be placed for its own best advantage in in- 
dustry, and management is to use such human ability most 
effectively in the production process, a continuous development 
of aptitude tests and their further extension in selection, train- 
ing, and placement is imperative. This obligation rests directly 
upon the technical personnel, the engineers, and the industrial 
psyehologists, but. the establishment of policies and the provi- 
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sion of facilities and supervision for such procedure is an in- 
escapable obligation of management, 


- PLAN or PRESENTATION 


This book presents а set of techniques for the measurement 
of the human factor, with constant regard for the fact of prob- 
able error in its measurement and probable error as applied to 
its predictions. The plan is to offer, first, a consideration of the 
backgrounds of job testing, both of the usual sort and of the 
type developed by the author. This is followed by a discussion 
of human abilities as they bear upon problems of industrial 
selection and training. The next several chapters deal with 
special areas of ability, such as hand-foot coordination, inspec- 
tion, perception, and dual operation. Attention is then devoted 
to certain specialized tests for sewing-machine and other ma- 
chine operators and for a variety of 
terities. Also considered are the ge 
skills, learning ability, accident-proneness, and other measur- 
able characteristics of human nature as they bear upon the 
problem of test design and construction. A chapter entitled 


of the accomplishments thus far and a fore 
ther development of this method holds fo 

In no sense is this book a historical trea 
to measure human abilities. It is rather a concise presentation 
of the principles that may be employed in the design of effective 
instruments for the Measurement of those abilities which are 
significant in industry, Tt is a guide for Practice rather than a 
well-rounded exposition of the Problems involved, The tech- 


niques described are offered as a new instrument in the further 
progress of scientific management, 


rth for industry, 
tment of the attempts 


CHAPTER I 
BACKGROUNDS OF JOB TESTING 


For many years, the customary procedure in industrial psy- 
chology has been to apply a battery of from 3 to 20 standard- 
ized tests, mostly of the pencil-and-paper variety, to a sample 
of employees on some particular job. These employees were 
arranged in an order of excellence from “best” to “poorest,” 
usually by foreman’s or supervisor's rankings, piece-rate earn- 
ings, or by quantity and quality of production, to constitute a 
criterion against which the efficacy of the tests could be meas- 
ured. 

By complicated statistical processes, the tests having some 
significant relationship to the criterion were identified and com- 
bined into a smaller battery, usually consisting of from two to 
six tests, which could then be applied to new applicants for 
purposes of selection. 

This procedure was cumbersome and costly. The testing time 
per employee was excessive. Materials were often expensive, 
and the services of a trained psychologist who was also a com- 
petent statistician were required. The whole process was often 
viewed with suspicion by management, and particularly by in- 
dustrial engineers and employment personnel. 


USE or THE COEFFICIENT OF CORRELATION 


The coefficient of correlation was generally employed to ex- 
press the relationships between test scores and the criterion 
measures, А perfect relationship, in which the successive test 
scores, from highest to lowest, are exactly paralleled by the suc- 
cessive criterion measures, from highest to lowest, would be 
expressed as +1.00. The inverse situation, in which the meas- 
ures in descending order in one series are exactly paralleled by 
the successive scores in ascending order in the other series, 
would be expressed as —1.00. The complete absence of either 
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relationship would be expressed as .00. A coefficient of correla- 
tion of +.90, or more, between test scores and criterion would 
be considered high; between +.60 and +.80, moderate; between 
.30 and +.50, low; and +.20 or less, negligible. Since the 
probable error of predictions increases rapidly as the coefficient 
of correlation diminishes, only the highest correlations are use- 
ful in practical situations, and these are seldom obtained. 

In fact, in the customary procedure, the size of the coefficient 
of correlation between the final battery of selected tests and the 
sample of employees used as a criterion was usually not impres- 
sive, often ranging from only .30 to .50. Moreover, some of the 
tests remaining in this selected battery, when viewed in the light 
of ordinary common sense, seemed to have no relationship to the 
nature of the work performed 


EARLY EXPERIMENTATION 


The writer began his work in industrial psychology in 1936, 
thoroughly schooled in the foregoing techniques. He had al- 
ready published a study in a related field, inv 
five years of experimentation. For some years previously he 
entertained serious misgivings about the method as a feasible 
approach to the intensely practical requirements of industrial 
employee selection. These misgivings were heightened by re- 
ports of work in which the job required dual hand operation but 
for which the test battery included not a single test of such two- 
hand coordination ability. He was astonished to find employees 
on jobs requiring tactual perception, kinesthetic perception, and 
auditory perception tested with batteries which included not a 
single measure in any of these areas. 

In the early experimentation at the E; 
1936-1937, it soon became apparent that it was quite possible to 
take the analysis of the operation cycle on any job, as made by 
time- and motion-study engineers for methods and rate-setting 
purposes, and use it as the basis for the design of specialized 
tests for that particular job. It was concluded that the exten- 
sive Therblig Analysis, made by the Gilbreths and their succes- 
sors and now used in all modern industrial engineering, particu- 
larly in the Work Simplification training program of Allan H. 
Mogensen, could be reduced to five b 


olving more than 


agle Pencil Company in 


asic elements for purposes 
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of test design. These elements are: (1) Select and grasp; (2) 
transport loaded; (3) position aad release; (4) any intervening 
element (pressure on a foot pedal, use of an operating lever, 
ete.); and (5) transport empty. 

In addition to the standardized tests which were at first used 
extensively in the Eagle experimentation and later gradually 
abandoned, nine special tests were designed for jobs and groups 
of jobs in the Eagle plant. The testing of hundreds of em- 
ployees and applicants yielded invaluable basic data upon 
which the technique of design has since been elaborated. Well- 
marked areas of human individual differences were identified ; 
and these specialized innate abilities were shown to be closely 
related to performances on jobs. The primary analysis indi- 
cated that most jobs could be classified into the following cate- 
gories for purposes of test design: 

1. General hand dexterity. 

Dual hand coordination. 

. Hand-foot coordination. 
General body coordination. 
. Perceptual ability. 

Subsequent work showed that these categories could be still 
further broken down when the number of jobs in the subordinate 
categories justified the design of more specialized tests. 


Pon 


сл 


THE CRITERION 


This early experimental work also showed that it was difficult, 
if not impossible, to obtain a satisfactory criterion against 
which to measure the effectiveness of a given test. Each of the 
possible criteria may be examined in the light of this investi- 
gation: 

1. Foreman’s Rankings—Practically all foremen are subject 
to personal bias against some of their workers. They also suf- 
fer from the “halo” effect, i.e., the tendency to overrate individ- 
uals who have shown an exceptionally good or pleasing perform- 
ance at some time or other. They identify their best workers 
and poorest workers with some discrimination but are quite 
incapable of giving а consistent or obviously verifiable ranking 
of employees around the average in ability. At best this rank- 
ing is on a general worth basis rather than on the basis of in- 
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spection ability, dual operation ability, hand-foot coordination 
ability, etc., which is required in test construetion. When the 
foreman's rankings are based upon his knowledge of production 
or earnings, they have higher reliability, without a marked in- 
crease in validity. 

2. Production —The best workers seldom or never produce at 
their fullest capacity, for reasons that are generally familiar. 
The poorest workers are aided by others to bring their produc- 
tion up to some acceptable standard. And the average workers 
plod along at some stereotyped output, consciously or uncon- 
sciously arrived at, which does not endanger either the piece 
rates or the job. 

3. Earnings.—These figures generally reflect production and 
are subject to the same influences. In addition, they are often 
modified in favor of age and length of 
employees. 

4. Percentage Efficiency —These figures, arrive 
study techniques, are liable to fewer subjective errors than any 
of the foregoing, but are far from constituting a reliable crite- 


rion—a conclusion with which every honest time-study engineer 
is bound to agree. 


service of particular 


d at by time- 


9. Quality—Some weighting of quality of production is often 
combined with one or more of the other criteria. The difficulty 
here is in getting an objective measure of quality. 
appraisals of quality are notoriously unreliable, whereas objec- 
tive measures, based on rejections, spoilage, and waste, are often 
modified by causes wholly beyond the control of the operator, 


Subjective 


A New CnrrERION 


In view of the foregoing situ 


ation with respect to a criterion, 
the writer ventures to offer 


а proposal that is an inversion of 
the usual point of view. It is now established beyond question 
that a properly constructed test which measures basic innate 
abilities called for on a particular job or a group of similar jobs 
gives a highly reliable classification of employees with respect 
to these abilities. Such a test, applied repeatedly and after dif- 
ferent intervals of time, gives relatively the same results, prac- 
tically unmodified by experience on the job. 
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It is proposed, therefore, that the test results be used as the 
criterion against which the efficiency of the productive process 
may be measured. This amounts to saying: “Here is an em- 
ployee of average ability; you should get average production 
from him. Here is an employee of very superior ability; you 
should get very superior performance from him. Here is an em- 
ployee much below average in ability; you must make up your 
mind whether or not you want him on this job.” 

This places the responsibility for performance squarely upon 
management, and particularly upon superv sion. Employee 
ability is ascertained beyond question. The problem of realiz- 
ing that ability in terms of production is strietly a responsibility 
of management. 


SELECTION AS SCIENCE AND ART 


As methods engineering becomes more preeise as an art, it 
supports the contention that management, in general, is not get- 
ting the best results from its superior employees, whereas it 
tolerates and nurses along other employees on unsuitable jobs. 
Management idealizes average performance at a level of statis- 
tical medioerity, whereas its best chance of surviving in a com- 
petitive society comes from making the best possible use of the 
most superior employees it сап obtain through suitable testing 
procedures, The advance in methods engineering as a science 
and an art has eliminated this as a responsibility of supervision. 
It has become clear that the burden is definitely upon methods 
engineering as a science to furnish precise measures of employee 
abilities, which may then be utilized in the productive process. 
Methods engineering stands, therefore, in exactly the same rela- 
tion to management as do physics, chemistry, and the other sci- 
ences. 

It follows from this analysis that methods engincering must 
be reduced to a body of experimentally verifiable principles. 
Just as other sciences develop upon a basis of verifiable data 
and measurable interrelationships among phenomena, so does 
methods engineering rest upon a body of ascertainable facts 
about human individual differences, and the relationships be- 
tween the abilities they represent and the results of the produc- 


tive processes. 


16 PERSONNEL SELECTION BY STANDARD JOB TESTS 


Having such a body of verified principles, methods engincer- 
ing as an art may proceed to apply such principles to the im- 
provement of the productive processes.. As such, it becomes опе 
of the essential tools of management, a necessary staff function. 


Areas OF InpIviIpUAL DIFFERENCES 


It is now possible to state in this stage of advancement of the 
science that the following areas of individual differences are 
known, are measurable, and are related to production: 

. General finger dexterity. 

. Bilateral hand coordination. 

. Dual hand coordination. 

. Dual hand-and-one-foot coordination. 

. General body coordination, including ambulatory speed 
and dexterity. 

6. Rhythm, in motor and possibly perceptual areas. 

7. Perceptual ability specialized with respect to sensory areas, 
such as visual, auditory, tactual, ete. 

The foregoing list is not complete. New areas will undoubt- 
edly be discovered in further experimentation. It will, however, 
serve as a guide for the design of tests and for the classification 
of jobs for which those tests are appropriate. 


m 


сл нь ©2 м 


PRINCIPLES or Test Desicn 


As for the tests themselves, it is now possible to formulate a 
body of principles which apply to their design: 

1. The test must measure innate individual differences, and 
not learned skills. 

2. The test must include the elements or "therbligs," particu- 
larly the positioning element, in the proportion found on the job. 

3. A separate test, or tests, must be used for the measurement 
of perceptual factors. 


4. The test must be long enough to give a reli 


able measure- 
ment. 


5. The test must be easily comprehended, and 
riod must be allowed to assure complete famili 
cycle of operation. 


a practice pe- 
arity with the 
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6. The test must be as well designed, i.e., designed in accord- 
ance with up-to-date engineering principles, as is the job setup 
for which it is appropriate. 

7. The test must be safe in operation, removing any danger 
of injury to the testee and preventing any fear on the part of 
the applicant being tested. 

8. Motor tests should preferably be of the work-limit type, 
with a certain amount of work to be done or pieces to be placed, 
ie. a set number of cycles of operation to be completed, the 
seore being taken in terms of time required to complete this 
amount of work. 

9. In perceptual testing, the items of the test must be gradu- 
ated in order of difficulty from items that anyone can discrim- 
inate to items that are so difficult that they are clearly beyond 
the very best operators. Such tests 


the limits of perception of 
f both time required and accuracy 


must be scored in terms 0 


achieved. 
10. The test must be economical to construct, with a cost that 


erviee it is rendering. 


is not out of proportion to the s 
little affected by the wear 


11. The test must be durable, i.e., 
and tear of repeated use. 

12. The test must be easily re 
placeable. 

13. The test should be fl 
any improvements and changes in 

14. The test should be capable 
methods and personnel employees, 
of a trained psychologist. 

15. The test must be easi 
understand. 

16. The test must be compact, not 
ment. 

17. The test must be 
without laborious rearr 

18. The test must be 
tion between what is apparently 
is apparently required by the jo 

The design of tests is itself 
process of development like any 


paired, with parts easily re- 


exible, so that it may readily embody 
the job. 

of application by the usual 
and not require the services 


ly scored in terms that anyone can 
a bulky piece of equip- 


quickly reset, ready for the next testee 
angement by the tester. 

amenable to common sense, i.e., the rela- 
measured by the test and what 
b should be easily perceived. 
an art, which must undergo a 
other art. It requires certain 
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skills and certain insight which are already well known in the 
field of machine design. The individual who undertakes to 
design industrial aptitude tests will find his task much easier 
if he is capable of producing his designs in wood and metal, 
ready ior operation, 11 he must sketch his designs and then 
merely supervise their realization in the test model, he will lose 
the advantage that comes from continuous experimentation 
during the process of construction. 


TRAINING For Test DESIGN 


It must be obvious from the foregoing that the individual who 
attempts to design these aptitude tests must train himself in 
areas beyond the usual courses in academic psychology. He 
must have some command of statistics, of sketching and draft- 
ing, and of woodwork and metalwork, particularly of the oper- 
ation of power tools, such as lathes, band saws, drill presses, 
shapers, circular saws, and sanding machines. If he is to turn 
out a finished product, he must know something of strength of 
materials and the elements of machine design. He will find it 
advantageous to know something of photography and to be able 
to take both still and motion pictures of the job and of his tests 

His personality should be such that he can quickly gain the 
confidence of the workers on the jobs, and secure and maintain 
the respect of higher management, the engineers, and the super- 
visors with whom he must work. He should be both willing to 
learn and capable of learning to operate a machine or fixture 
under the tutelage of the regular operator, and to work at a 
bench on the job he is studying. This firsthand experience will 
go far to facilitate insight into the problems presented by the 
job. 

Such an individual is neither a super-engineer nor a super- 
personnel department. His primary duty is that of creating a 
tool and making it available to the organization that must use 
it. It is his obligation to make his technique comprehensible to 
the personnel who must employ it. It is thus quite essential 
that he comprehend the problems and points of view of manage- 
ment and industrial engineering, that he be alert to changes 
occurring in these fields, and know personally or by report the 
leading figures and their work in these areas. He should add 


dian A E 
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to his vocabulary the terms and nomenclature current in these 
fields. He must be able to talk the language of the manager, 
the foreman, and the engineer, employing terms with which they 
are familiar and for which they have precise meanings. Only 
in this manner can he justly expect the cooperation necessary 
for the fullest development of his project. 


CHAPTER II 


HUMAN ABILITIES AND INDUSTRY'S 
PROBLEMS 


Vocational guidance counselors and others concerned with the 
guidance of young people into vocational activities often express 
regret at the lack of opportunities in industry for the utilization 
of the abilities observed in the persons they attempt to advise. 
They remark particularly the lack of opportunity for self- 
expression. It has even been proposed that industry be gener- 
ally reorganized to yield more opportunities for such self-expres- 
sion on the part of those who work in it. Whereas such a pro- 
posal cannot be taken seriously, it does serve to emphasize an 
attitude that is well established in many people who deal with 
educational problems. It serves, too, to bring into prominence a 
tendency to look upon the means of livelihood as a dominant 
part of life. The view would have more validity if the time 
spent in industry amounted to 12 or 14 hours of a 24-hour day. 

Against this view one may suggest that the time actually 
spent in working is only a part of the total time available to 
the individual; that he may, through avocational activities, 
through his outside social life, and through his recreations, find 
ample opportunity for self-expression. This implies that the 
vocation should be looked upon as a means to an end—that 
means being self-support—and not an end in itself. To achieve 
the highest possible effectiveness in the cooperative effort of in- 
dustry, it is obviously important to afford the workers an oppor- 
tunity for adequate self-expression; but just as democracy itself 
сап operate only through the surrender of functions by the in- 
dividual, so industry can operate only through the surrender to 
management of the functions appropriate for the effective com- 
bination of labor with the other instrumentalities of production. 


20 
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THE SUPERIOR AND THE AVERAGE 


One of the chief laments of the vocational guidance specialist 
is that many persons of superior intelligence are forced to take 
jobs requiring far less intellectual ability than they can offer, 
because the number of jobs requiring a higher order of mental 
ability is sharply limited. True, intelligence of a superior order 
is not usually called for in high degree below the ranks of man- 
agement. However, it may be just as illogical to ask industry 
to provide an opportunity for the exercise of superior mental 
ability as it would be to ask industry to provide outlets for filial 
affection or religious devotion. Life provides suitable opportu- 
nities for these elsewhere. И 

From the viewpoint of industry, it seems necessary to effect 
an organization around average individuals. While this may 
lead to a lower order of performance than could be achieved by 
selection of the best, it does make for permanence of the organ- 
ization and easy replacement of individuals lost to it. It makes 
standardization of supervisory activities and training proce- 
dures relatively easy. Superior individuals require more skill 
in handling and consequently make more demands upon the 
ability of management. This, in turn, implies that management 
itself must be in the hands of highly superior individuals. 

The tragedy of the situation is not that the individuals of 
superior intelligenee are denied employment, but that they are 
scattered indiscriminately over the jobs, often in situations 
where their ability eannot be applied to the best advantage. 
At one time the writer was called upon to organize the training 
el to replace trained civilians in army 


of military personn 
Schools. By a systematic canvass, he found a considerable 


number of college, high-school, and trade-school graduates. 
Many of them had concealed their level of training for reasons 
which seemed quite sufficient to them. Such training seemed of 
no particular significance for a private in the ranks. By саге- 
ful selection, appropriate training, and suitable encouragement, 
they formed a wholly competent staff of teachers for other 
enlisted men. 

In general, the possession of superior intelligence would not 
offer, in itself, a serious problem in industry. There is known 


Date... 
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to be a much greater turnover among the more highly intelligent 
who are placed on routine jobs. If the intelligence level is 
known, or can be inferred from previous attendance at high 
schools and colleges, it is often better to reject an applicant for 
this reason alone. 


Tue INFERIOR 


At the other extreme lie the individuals of markedly inferior 
abilities, occasionally presenting industry with representatives 
of the moron and imbecile groups. It is not possible to classify 
these persons accurately without some test procedure. It has 
been observed, however, that their failure to comprehend simple 
instructions, their inability to follow directions, and their 
marked lack of attention are symptoms to arouse suspicion at 
the time of employment. 

The individual with low-grade mentality is often a danger to 
his own life and limb and a menace to others. His lack of in- 
sight into cause-and-effect relationships renders him oblivious 
of danger in many situations; his lack of foresight precludes 
suitable action to avert a serious consequence; and his inatten- 
tion makes him careless and unreliable. 

In the processes of training, the stupid individual shows two 
marked characteristics. He is slow to learn and often appar- 
ently clumsy in his physical coordinations as well. Also, he is 
exceptionally slow to break established habits in order to form 
new ones. It follows that such individuals are difficult to train, 
that wrong methods of work, once established, are very difficult 
to overcome, and that the individuals require considerable su- 
pervision and minute directions. While they may be suitable 
for simple tasks requiring strength rather than dexterity, great 
care is necessary to prevent their assignment to jobs beyond 
their limited abilities. 


AREA Or TESTING 


When one speaks of testing the basic abilities called for in 
industry, the usual assumption of the manager or engineer is 
that intelligence tests are implied. Another assumption is that 
the test must be printed on paper and performed with the aid 
of a pencil. It is now well established that tests of the pencil- 
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and-paper variety have very limited utility in selecting operat- 
ing personnel for industry. Aside from intelligence and certain 
aspects of perception, the abilities to be measured call for the 
use of performance and manipulative tests. It is with tests of 
this latter character that we are primarily concerned. As was 
pointed out in the Introduction, information tests on procedures, 
nomenclatures, and descriptions of operations have a small 
amount of diagnostie value in clerical occupations and in the 
trades. These should, however, always be supplemented by a 
practical test, involving the use of the tools of the craft, for a 
valid measure of ability and capacity for development. 

Aside from intelligence, there is a large number of other in- 
dividual differences having a direct bearing upon successful per- 
formance in industry. Some years ago, a classified advertise- 
ment in a newspaper asked for a stenographer not over 5 feet 
tall and weighing no more than 90 pounds. Upon investigation, 
it was found that the job involved working in a small space 
under a staircase, and that a person of normal size could not 
work comfortably under this condition. In another instance, a 
company employed stockroom personnel without regard to size. 
It was found that several very short employees required more 
as much time to assemble certain articles that were 


than twice 
because they had to bring 


stored on shelves beyond their reach, 
a chair or a stepladder to the point of storage. | 
Both the foregoing cases emphasize the gross physical require- 


ments that jobs sometimes impose. Many situations exist in 


which the tall person is handicapped and many others in which 
There are jobs, such as 


the short person is dt a disadvantage. S ; : 
the operation of a standard typewriter or sewing machine, where 
the setup favors a left-handed person; jobs favoring раная 
who are deaf, blind, or mute; and other jobs totally inappropri- 
ate for individuals impaired in any of these latter functions. 


{Т8 AN NE DESIGN 
Human STRUCTURAL REQUIREMENTS AND MACHINE DESIG 


achines 80 designed that the operators 
was poor designing—the 
ical movements without 
e human structure. He 


"The writer has seen m 
Worked cross-handed. This, of course, 
result of preoccupation with mechan: 
due attention to the limitations of th 
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has seen any number of jobs set up with fixtures arranged in 
such a way that the pickup and positioning elements were im- 
posed upon the left hand. This would be quite appropriate 
with left-handed operators, but it imposes a hardship entailing 
sacrifice in speed upon right-handed operators. 


DUAL OPERATION 


It is now well established that wide differences exist in the 
ability to coordinate the two hands. While dual operation 
should yield an increase in productive efficiency of around 30 
per cent, this can be expected in not more than one out of five 
persons. There is still some question whether one or more of 
the other four persons can be trained to effective dual operation. 
The writer’s experience points to the conclusion that, if such 
training is possible, it can only be achieved at a cost of time 
and effort usually not justified by the result. 'The simpler 
procedure is to select by tests the individuals with the basic dual 
operation abilities. 


Haxp-roor COORDINATION ^ 


In the coordination of hands and feet, as on foot presses and 
foot-operated fixtures, there is known to be a wide range of 
ability. It is often highly hazardous to permit the assignment 
of individuals lacking this ability to machines that require it. 
This suggestion will be discussed at length in a later chapter, 
with illustrations from experiments. 


RHYTHM AND SPEED 


Still another area of wide individual differences is that of 
rhythm of work. Whereas it does not follow that the possession 
of the ability to feed a belt-feed or a dial-feed machine rhyth- 
mically and with precision is related to ability in music, it has 
been shown that such ability can be satisfactorily measured by 
appropriate performance tests. 

There is danger that the ability to work rhythmically may be 
confused with the optimum speed of performance. Optimum 
speed of performance is the most comfortable speed at which the 
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individual can continue to operate. "This is easily illustrated by 
a commonplace experience. If you are walking or driving be- 
hind an individual whose pace is too slow for you, you become 
annoyed and impatient. On the other hand, if you are attempt- 
ing to keep up with an individual who is walking or driving at a 
pace you find difficult to maintain, you are similarly under a 
strain and soon become exhausted. The parallel case for 
rhythm is illustrated by walking or driving behind a person who 
slows down, speeds up, and slows down again with no regularity. 
Lack of rhythm may be fully as annoying and exhausting as the 
strain of a pace that is too fast or too slow. The sound solution 
in either case is to find an individual whose sense of rhythm is 
appropriate to the work and whose optimum speed is the stand- 
ard pace of the work. 


IxsPECTION AND PERCEPTION 


Inspeetion ability rests upon basic individual differences in 
perception. There is a perceptual ability for each of the senses, 
but, as has been pointed out, this ability is not a direct function 
of the efficiency of the sense organ involved. Perception is a 
central or brain function and, so far as is known through ex- 
perimentation, is not significantly modified by experience or 
training. It is important, therefore, in selecting individuals for 
inspection work to choose for training only those who possess 
the basie perceptual abilities called for by the work. 


New AREAS OF ABILITY 


Finally, it must be pointed out that there certainly must be 
f individual differences still undiscovered and 
unmeasured, whieh will emerge from time to time as experi- 
mentation continues. Many of these will be extremely signifi- 
cant for skilled and semiskilled operations in industry. Delicacy 
of coordination, sequences of skilled movements, and combina- 
tons of movements with perceptual acts must be eonsidered 
both in the design and setup of machines and jobs, and in the 
testing of the individuals to be selected as operators. When 
actual industrial performances show some individuals able to 


a large number o 
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produce comfortably at a rate 200 per cent higher than some 
other individuals, it is high time to develop techniques to iden- 
tify these far superior individuals and to secure their services 


while our plants operate competitively in a society dominated 
by the profit motive. 


CHAPTER III 
HAND-FOOT COORDINATION 


It has long been tacitly assumed that general hand dexterity 
was closely associated with other bodily dexterities, and that a 
test of such general hand dexterity would be quite adequate for 
the sclection of employees for jobs involving one or more foot 
clements in the operation cycle. It is now known that this is 
not the case. Hand-foot coordination within a single operation 
cycle shows a wide range of individual differences. 


Test RESULTS 


The figures from the Eagle Pencil Company experimentation, 
shown in Table II, give the intercorrelations of the several tests 
used in the study. It may be noted that the intercorrelations of 
the hand-foot test scores with the largely manual test scores have 


TanLE IT.—INTERCORRELATIONS OF Apritupe Test SCORES 
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a range from .40 to .58. The hand-foot test used in this ex- 
perimentation is shown in Fig. 1, below. On this test the hand 
operation was bilateral. The right hand picked up a large peg 
and inserted it in the crossbar, while the left hand picked up a 
small peg, inserted it in another hole at right angles to the 
larger hole, and pinned the large peg fast by insertion of the 
small peg through an eye in the large peg. The foot lever was 


Fic. 1—Hand-foot Test I. 


then depressed, giving the bar a one-quarter turn, and the hand 
operations were repeated. The foot lever was then released and 
the bar returned to the original position for the next set of hand 
operations. "The range of scores on this hand-foot test is shown 
in Table III, page 29. 

Experience in attempts to train persons with poor scores on 
this test on foot-operated fixtures was discouraging, the final 
level of profieieney attained not justifying the training effort. 
Retests of employees on this test after an interval of several 
months gave substantially the same scores 


as those attained on 
the first test. 
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ANOTHER Haxp-roor TEST 


In the Johnson and Johnson experimentation, the hand-foot 
coordination test involved dual hand operation, the two hands 
performing identical elements simultaneously. On this test, 
three exposed pairs of holes were filled from top to bottom with 
small round pegs arranged parallel to the near edge of the test, 
flat wooden pieces at right angles to the near edge of the table, 
and half-inch steel balls in round holes. The foot lever was 


Taste II.—DISTRIBUTION OF Scores ON HAND-FOOT Tesr I 


Time, seconds * | Number of persons | Percentage efficiency 

95-109 7 143 
110-124 24 125 
125-139 37 111 
140-154 20 99 
155-169 12 90 
170-184 12 83 
185-199 8 76 
200-214 4 ті 
215-229 2 66 
230-244 1 62 
245-259 1 58 

—— 5: 
128 


* Average — 146.68 seconds 
ld down, while two more steel balls were 


then depressed and he à x 
This test is shown 


dropped in two newly exposed round holes. 
in Figs. 2a and 2b, pages 30 and 31. 

The range of the intercorrelations of scores on this test with 
the other manual dexterity tests used is from .40 to .62, and 
thus agrees quite closely with the results of the Eagle hand-foot 
test. е 

Neither of these tests would be ideal fo 
ators for the usual foot presses and foot-operated fixtures. The 
Eagle test was designed for jobs requiring the positioning of the 
parts manipulated partly by sight and partly by touch in a 
direction at an angle of 90 degrees to the median plane of the 
body. The Johnson and Johnson test was designed for a dual 


r the selection of oper- 
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winding operation in which a number of these positioning ele- 
ments occurred in the operation cycle. 

Most foot-press jobs involve positioning by only one hand, 
followed by depression of the foot lever and its immediate re- 
turn to the upward position, while one or both hands remove the 


Fic. 2a—Dual Hand-and-foot Test. 


work from the die. Many of these operations on the standard 
foot presses and kick presses could be more economically per- 
formed by dual operation. Where such dual operation is called 
for, an appropriate test will involve analogous dual hand oper- 


ation and a foot element inserted at the proper place in the 
operation cycle. 


THE MACHINE as a Test 


The question has sometimes been raised, “Why 


2 Н 4 not test ар- 
plicants on the machine itself, rather than o 
I , on 


a specially de- 
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signed aptitude test?" The answer is more obvious where the 
foot press is involved than where the job involves only the use 
of hand tools or simple fixtures. The primary objection is that 
the press is a production instrument, designed for a special 
function, consuming more or less valuable materials in opcra- 
tion, and more or less dangerous. An especially designed test 
emphasizes only the important elements in the operation cycle 


Fic. 2b.—Dual Hand-and-foot Test. 


largely independent of acquired skills, uses no production ma- 
terials, and is, or should be, perfectly safe in operation. This 
last factor is of considerable importance, since accidental injury 
to a person not on the pay roll of a company might have serious 
Tt is this last factor that makes it highly in- 
for the discovery of aptitudes. 
ation test that is to 


consequences. 
advisable to use power machinery 
It should be clear that a hand-foot coordin 


meet, adequately the needs of a plant using many foot presses 
and many foot-operated fixtures must be quite flexible and, at 
ation cycle should contain 


the same time, quite simple. Its oper le sh 
positioning elements as extensive as the positioning elements 
commonly found in the job, and the foot element should occur 


In the corresponding place in the operation cycle. 
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DesicN or Fixtures 


Among some industrial engineers there has been strong objec- 
tion to job setups involving two foot pedals, the view being that 
one foot resting on the floor was necessary to steady the oper- 
ator and to prevent undue fatigue. This view is largely obso- 
lete. Certain types of power sewing machines as well as certain 
specially designed fixtures involve the use of two similar foot 
pedals. These have contributed markedly to the more effectual 
operation of the mechanisms. On most of the present job setups 
involving hand-foot coordination, additional hand elements are 
introduced to remove the work from the press or fixture. In 
most instances, such removal could be more quickly accom- 
plished by a drop-delivery mechanism actuated by the other 
foot, thus freeing the hands to begin the next cycle. 

It is clear, of course, that, if the job is set up for bilateral 
foot operation, the test must involve provisions for testing the 
appropriate coordinations. As the complexity of the operation 
cycle increases, the complexity of the test will increase, and 
accordingly the proportion of applicants who will meet satis- 
factorily the coordination requirements of the job will be con- 
siderably smaller. 

It is not unusual to find a job setup with complex, special 
fixtures involving a complicated series of hand-foot operations, 
which, though quite ingenious from the standpoint of methods 
engineering, may have lost many of the advantages that are 
possible through suitable division of labor. This is especially 
likely to be true when the selection of operators is made without 
the aid of appropriate tests. 

Our experience has shown that not more than 20 per cent of 
applicants will meet the requirements for satisfactory hand-foot 
coordination for the usual foot-press jobs. The less hand-foot 
coordination the applicant has, the greater is the accident 


hazard he presents in the operation of his machine. In a con- 


siderable number of cases, we have found operators selected by 
test who produced at a rate more than 40 per cent greater than 
the average operator and were, at the same time, accident-free. 
We suspect, but have not yet sufficient proof, that most of the 


accidents occurring to operators on hand-foot operated devices 
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are due to lack of appropriate hand-foot coordination ability, 
which could easily be ascertained by testing such operators. 

The bearing of the foregoing discussion upon the design of 
machines and fixtures should be apparent. Even the standard 
left-handed sewing machine might be considerably improved by 
the addition of certain foot clements to those already employed. 
Very few power-sewing-machine operators can stop the machine 
at exactly the point desired and with the needle in the raised 
or lowered position required for the next adjustment or position- 
ing of the work. Usually the operator must use the right hand 
to give the handwheel a part turn to put the needle in the proper 
position, Yet it should be quite possible to effect this mechani- 
cally with a suitable pedal for the left foot. 

It should also be readily possible to reverse the direction of 
sewing by such a pedal for the left foot, or by depressing with 
the right heel the operating pedal now controlled by the right 
foot, instead of the present awkward control through a lever 
moved by the right hand at à point near the handwheel. Even 
the change in position of the present reversing control to a point 
near the right hand as it follows the work would be a great help 
in simplifying the operation. 

'The matter of strength of the operator, partieularly on foot 
presses, should also be taken into aecount. Some of the older 
presses require the expenditure of an amount of energy on the 
part of an average person that makes them unduly fatiguing 
and that impairs the speed and accuracy of the work. The 
assignment of heavy-limbed and robust operators to such 
mechanisms is most desirable. Still more desirable is the solu- 
tion offered by new power-driven equipment that can be oper- 
ated more speedily and with a minimum of effort. | 

On many presses and similar devices, especially on certain 
boxmaking machinery employing à plunger, the hazard to the 
Operator can be materially lessened by introducing supplemen- 
tary controls that permit operation only when the hands ore 
clear of the danger area. These can often be introduced with- 
out any material change in the cycle of operation and without 
any sacrifice of production. In fact, their effect An. reducing 
fear of the machine may be beneficial to production m the long 


Tun, 
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OTHER IMPLICATIONS 


An enormous amount of experimentation still remains to be. 
done in this area of hand-foot coordination. Little has been 
done thus far to measure such coordination as it bears upon the 
operations of driving an automobile or piloting a plane. Still 
less has been done to relate it to performance in playing the 
piano, the pipe organ, or any other instrument employing foot 
pedals. Yet it is evident from the wide range of this ability 
that it must have a profound bearing upon success or failure in 
such performances. 

The reason for the lack of experimentation in this area is 
almost certainly the erroneous belief that the attainment of the 
necessary level of coordination is almost entirely a matter of 
practice. Even on the simplest cycles this belief is now shown 
to be false, whereas on the longer cycles involving complicated 
dual and bilateral hand elements the range of innate abilities 
and the attendant handieaps imposed upon some persons by 
lack of such abilities in suitable degree are shown to be very 
great. 

When a job requires a high level of hand-foot coordination as 
well as a high level of perceptual ability in controlling such co- 
ordination, the number of persons who can turn in a satisfactory 
performance is indeed small. Lack of musical aptitude in the 
affective or emotional area may not be the only factor limiting 
the number of competent musicians; the number may be even 
more definitely restrieted by the scarcity of the coordination 
ability that is required. This view receives some support from 
a consideration of the large number of persons who listen to 
musie in proportion to the number who produce it. 

The implieation for industrial engineering from these consid- 
erations is that jobs should not be set up for virtuosos, ie., for 
operators who must possess high innate abilities in too many 
areas of these wide individual differences. High speed in hand 
operations, plus marked hand-foot coordination ability, plus 
high speed and accuracy in visual inspection can be found in 
very few of the applicants who come to the employment office. 
These facts of individual differences are the best argument for 
division of labor in terms of the dexterities and perceptions 
required by the processes. 


CHAPTER. IV 
INSPECTION 


Most production employees are required in the course of their 
work to inspeet constantly the product under their control. 
Most of such inspection is visual, but it may be ¢actual, requir- 
ing the use of the fingers and hands; auditory, involving the 
sense of hearing; or it may even involve the olfactory and gus- 
tatory senses, relating to smell and taste, respectively. Where 
inspection ability is called for jn the work, an adequate series 
of aptitude tests for employees must include one or more inspec- 
tion tests in the sensory areas involved. Where specialized jobs 
in inspection are set up and employees designated as inspectors 
devote their full time to the work of inspection, the need for 
such tests is even more imperative. 


Tur ILLUSION or PERFECT VISION 


It was long thought that good eyesight, i.e., high visual acuity, 
was the best guarantee of satisfactory visual inspection ability 
and that keen hearing, i.e., superior auditory acuity, was the 
best guarantee of auditory perceptual ability of a high order. 
It was pointed out in the Tntroduction, however, that good eye- 
sight, even superior eyesight, is no guarantee of effectiveness in 
perception. It may be likewise inferred that high acuity of any 
Sense organ is no assurance that the special type of perception 
depending on that sensory area will be of a high order of effec- 
tiveness. The physiological and anatomical reasons for this 
seem to be that the perceptual areas of the brain are not identi- 
cal with the sensory areas, but lie adjacent to them. Thus, the 
Visual perceptual arcas lie to the right and left of the visual 
Sensory areas in the occipital lobe of the brain. Impairment of 
these visual perceptual areas is known to interfere with visual 
Perception, whereas the visual sense itself may reman un- 


affected. 
35 
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In industrial psychology we are concerned with measures of 
the visual sense, such as acuity, depth perception, astigmatism, 
cte., because certain visual sensory defects are directly related 
to visual perceptual impairment. Even when the measurements 
show the sense organ to be normal, additional measurements of 
visual perception are required. One such study * indicated that 
impaired vision materially decreases the speed as well as the ac- 
curacy of perception and that, in an experiment involving a 
quantity of the materials actually inspected by specialized in- 
spectors, both the speed and accuracy of the inspection declined 
rapidly with increased impairment of vision. 

It is exceedingly important that persons on specialized inspec- 
tion work should have anormal vision, or vision corrected to 
normal. Beyond this, they should have a level of perceptual 
efficiency established by suitable perceptual tests. A single test 
of visual perceptual ability may not be adequate for measuring 
the perception that is sometimes involved in the work. 


Kixps or Visvan PERCEPTUAL ABILITY 


There seem to be at least two kinds of visual perceptual 
ability. One is the ability to discriminate small differences, 
such as those involved in the test for inspection of lead pencils 
for concentricity of leads. The inspection of small mechanical 
items, such as parts of watches, miniature cameras, ete., involves 
this type of perception. The other type involves span of per- 
ception, ie., the ability to survey an area, such as that presented 
by a sheet of tin plate, a sheet of bank-note paper, or a quantity 
of cloth, to detect small imperfections. 


Tests ror Discrimination or SMALL DIFFERENCES 


It is comparatively easy to design a suitable test for the dis- 
crimination of small differences. Four such tests of the pencil- 
and-paper variety are shown in Figs. 3a-3d, pages 37-40. Each 
test begins with items showing such marked differences that 
almost anyone can perceive them. As one works toward the end 
of the test, checking cach imperfect item, he encounters smaller 

1 Horcer D. Onsen, Why Pick Inspectors Who Can't Inspect? Factory 
Management and Maintenance, vol. 96, по. 1, pp. 83-85, January, 1938. 
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and smaller differences, until he reaches an area beyond the limit 
of his perceptual ability and in which he can only guess. Forms 


VISUAL PERCEPTION TEST A 
at the two rows of circles between the lines at 
the top of Check every small circle that 
not ex: center of a large circle. Then 
wait for the signal еріп the main test. 
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Fic. 3a—Visual Perception Test A. 


to persons in general, while 
ly to individuals who have 
rms A and B. Forms C and 
ptual ability, because the 


A and B of this series are applicable 
Forms C and D should be given on 
Made exceptionally good scores оп Fo 
D impose an added strain on peree 
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separate items are not isolated by a circle and therefore tend to 
run together. 


VISUAL PERCEPTION TEST B 


Look at the figures between the lines at the top of 
this test. The first four are good; the next four аге | Time Errors Error 
bad. Wait for the signal to begin the test, then 
check all of the figures that are bad. Work rapidly. 


Copyright, 1940, by Charles A. Drake 
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Fic. 3b.—Visual Perception Test B. 


These tests involve perception in only two dimensions. Where 
machine parts are to be inspected, the tests must involve objects 
with three dimensions. Sometimes it is desirable in such a situ- 
ation to use the actual parts or simulated items that conform 
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to the perceptual requirements of the job. A few tests of this 
type have been constructed. 


VISUAL PERCEPTION TEST C 


Look at the figures between the lines at the top of : 
this test. The first two are good; the next seven are Time 
bad. Wait for the signal to begin the test, then 
check all of the figures that are bad. Work rapidly. 
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Fic. 3e — Visual Perception Test C. 


i inspection 
In the work for the Eagle Pencil Company, one 108] 


test of this sort made use of the small aluminum om ea 
n mechanical pencils. This is shown m = $ a = A 
Standard spirals bearing 2 punch mark 2% turns 
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were mixed with 50 off-standard spirals punched at distances 
other than 24% turns from the end. The testing procedure in- 


VISUAL PERCEPTION TEST D 


Look at the figures between the lines at the top of 
this test. The first two are good; the next five are Time Errors Error 
bad. Wait for the signal to begin the test, then Total 
check all of the figures that are bad. Work rapidly. 
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Fic. 3d —Visual Perception Test D. 


volved the separation of the standard spirals from the off- 
standard as quickly as possible. The test was scored for both 
speed and accuracy. 


ui ЧЕЧ э: [ is «or 
The second test of this sort constructed for the same company 
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es use of 120 metal pencil cases in six different colors. Thirty 
of these cases were rendered defective by punch marks. The 


Fic. 4—Spiral Inspection Test. 


task was to sort the good cases into six compartments by color 
and the defective eases into a seventh compartment, as shown 


Fic. 5—Case Inspection Test. 


This latter test involved a factor not present 


In Fig. 5, above. 
amely, that of sorting the stand- 


the Spiral Inspection Test, n 
ard pencil cases 
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Neither the time scores nor the error scores on these tests are 
significantly related to the dexterity tests, as shown in Table II, 
page 27. All the error scores on both tests are so near zero 


TABLE IVa.—SPinaL INSPECTION Test—Time Scores 


Time, Minutes Frequency 
2.50- 3.49 4 
3.50- 4.49 21 
4.50- 5.49 48 
5.50- 6.49 83 
6.50- 7.49 63 
7.50- 8.49 28 
8.50- 9.49 17 
9.50-10.49 10 

10.50-11.49 5 
11.50-12.49 1 
12.50-13.49 2 
13.50-14.49 1 
14.50-15.49 1 

284 


Tasty IVb.—Srinan, Inspecrion Tesr—Error Scores 


Frequencies 
Errors 
Applicants Operators | Retest—both 
0 17 2 8 
l 29 8 10 
2 19 3 5 
3 17 4 5 
4 14 3 1 
5 4 2 2 
6 7 1 3 
T 4 2 2 
8 5 0 Б] 
9 7 1 1 
10 and up 12 14 6 
Totals... 135 40 46 


that they are clearly not related to the manual skills measured 
by the other tests. The low relationship between the time scores 
on these tests and the scores on the manual tests is, of course, 
due to the manual manipulation called for in the sorting of the 
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test items. Both of these tests showed wide ranges of scores in 
both time and errors, as shown in Tables IVa and IVb and Va 


Tase Va.—CasE Inspection ТЕѕТ—ТІМЕ Scores 


Time, Minutes Frequency 
3.00- 3.49 4 
3.50- 3.99 5 
4.00- 4.49 13 
4.50- 4.99 38 
5.00- 5.49 52 
5.50- 5.99 67 
6.00- 6.49 49 
6.50- 6.99 46 
7.00- 7.49 25 
7.50- 7.99 15 
8.00- 8.49 13 
8.50- 8.99 5 
9.00- 9.49 2 
9.50- 9.99 2 
10.00-10.49 1 
10.50-10.99 2 

339 


Tarte Vb.—CasE INSPECTION Trst—Error Scores 


Frequencies 


We 


Errors 
Applicants Operators Retest—both 

0 138 12 15 

J 108 9 14 

2 27 9 11 

3 34 5 5 

4 21 2 1 

5 6 1 

6 2 

| 

Y | 4 2 

8 | 3 

9 2 

10 | 
11 1 

Totals. .| 346 40 46 

and Vb, pages 42 and 43. Applicants and experienced inspectors 
these scores. 


both showed about 


the same distribution o 
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should not be surprised at the poor showing of the experienced 
operators, since they were selected by interview and not tested 
for the ability called for in inspection. A retest of 46 of the 
operators and employed applicants on the Case Inspection Test 
after three months, indicated in the last column of Table Vb, 
shows little improvement in the error scores. An examination 
of the improvement in the time scores of these 46, not tabulated 
here, shows an average gain of less than one minute, owing 
chiefly to the reduction among those whose first time was exces- 
sively long. These results indicate that the test is measuring 
something innate—something not materially affected by training 
and experience. Tests of this sort generally are not so reliable 
as tests of motor ability. Reliability is usually sacrificed in the 
interest of keeping the test within reasonable time limits. It is 
a well-established fact that reliability сап be increased by length- 
ening the test, and it is possible to predict by a suitable statisti- 
eal formula the amount of increase necessary to attain any de- 
sired reliability. 
Tue CRITICAL Score 


In the industrial application of inspection tests, we are pri- 
marily concerned with the identification of the persons who lack 
the abilities called for on the job. If the persons who lack 
these abilities ean be eliminated by suitable tests, our training 
procedure and performance on the job will have a high prob- 
ability of success. We are concerned, therefore, with the estab- 
lishment of a critical score for speed as well as for accuracy. 
Applicants scoring beyond the points designated will not be 


chosen for the type of work involved. (Sce also Chap. XIII, 
page 126.) 


Test ror Span or PERCEPTION 


The design of a suitable test for span of perception is difficult 
but not impossible. It is certain to be expensive, and will conse- 
quently not be done except on a consulting basis for an industry 
sufficiently large to justify the expenditure. Probably the most 
urgent need for such a test is that of the companies producing 
tin plate, each sheet of which must be individually inspected 
before packaging. Because of the size of such sheets, and con- 
sequently the necessity for perception over an area much larger 
* 
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than that of the usual printed test, we may infer that a pencil- 
and-paper test will not be suitable for this purpose. 

. One should not expect to find a test appropriate for measur- 
Ing the ability to detect small differences adequate for the selec- 
tion of personnel who are called upon to inspect on jobs in- 
volving span of perception. The writer has specifically warned 
against the use of Visual Perception Tests A to D in such 
Situations. 


INTELLIGENCE AND INSPECTION ABILITY 


In several instances known to the writer, companies have en- 
deavored to select inspectors by the use of intelligence tests, 
clerical aptitude tests, and other similar instruments. These ef- 
forts have failed, somewhat to the surprise of the experimenters. 
Two investigations by the writer, using Visual Perception Tests 
A and B, have shown that both the time scores and the error 
scores on these tests are not significantly related to scores on 
the Henmon-Nelson Test of Mental Ability or the Otis Self- 
administering Test of Mental Ability. It may be inferred, 
therefore, that intelligence as measured by intelligence tests, 
academic scholarship, high-school graduation, and the like would 
not be helpful in the selection of inspectors for industrial work. 


ILLUMINATION AND BACKGROUND 


on of the items to be inspected and 
of the background against which they are inspected is of extreme 
importance. It must be borne in mind that there is a determin- 
able optimum illumination for each inspector on each job. Most 
inspection jobs are poorly set up with respect to both source 
and amount of light, and with respect to the color and other 
qualities of the background. Some preliminary experimental 
work has shown that in all surface inspection, as well as in the 
inspection of transparent and translucent objects, polarized light 
makes for better perception of small differences. 


The matter of illuminati 
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PERIODIC CHECKUPS 


Deterioration of both vision and visual perceptual ability is 
known to соте at varying speeds with the advance of age. Far- 
sightedness seems to interfere with inspection ability far more 
than nearsightedness on most jobs. It is important, therefore, 
to make repeated checks on both vision and visual perceptual 
ability of the personnel on specialized jobs. This is only slightly 
less important with operators who must inspect while they pro- 
duce or assemble the product. In either situation, such a check 
should be made at least once, and preferably twice, each year. 
Where inspection is found to be unsatisfactory, such a check 
should be made immediately as the first step toward correction 
of the situation. 


TESTING or OTHER PERCEPTUAL AREAS 


What has been said of visual inspection is equally true of 
inspection in other sense areas. Inspectors of glass bottles and 
other products often “clink” the units together, listening for the 
sound in the detection of imperfections. In high-grade products, 
such as crystal glassware, such a test is of the utmost signifi- 
cance. The writer knows of one instance in which psychologists 
applied a battery of a dozen or more tests for the selection of 
such inspectors, but included in the battery not a single test 
of auditory perception or even of auditory acuity! 

It is entirely possible to design a test of auditory perception, 
although the design is somewhat complicated by the fact that 
there are at least three dimensions of auditory perception, each 
of which may need to be tested separately. Pitch of sound 
constitutes one dimension of measurement, loudness another, 
and the third, and probably most significant for industrial uses, 
is consonance, or purity of tone. The recognition that a piece 
of glassware is cracked seems to depend primarily upon per- 
ceptual ability of the last-named sort. 

Certain peculiarities of hearing, such as tone deafness, tonal 
islands, and others, may incapacitate a person for work involv- 
ing auditory perception. Defects of the sense organ itself have, 
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in all probability, effects on auditory perception analogous to 
those found in visual perception. 

Industrial applications of measures of perception in taste, 
smell, and touch are merely less common but not less important 
than those of sight and hearing. It is quite possible to design 
suitable tests of perception in these areas, following the prin- 
ciples that apply to the design of tests in the visual area. 


INSPECTION AND QUALITY CONTROL 


There is no situation in industry where a suitable test will 
show more striking results in selection than in the measurement 
of pereeption. Both speed and accuracy of inspection can be 
average situation by the selection 
of competent personnel through the use of suitable tests. Qual- 
ity control in industry is absolutely dependent, in the final anal- 
ysis, upon the personnel making the last check on the product. 

It is not uncommon to find an unnecessarily high number of 
imperfect items produced where the operators know that later 
inspection is inadequate or incompetent. Rigid inspection of 
the product thus has a redundant effect on the production proc- 
ess and tends to maintain a high level of quality. This can be 
guaranteed only by the positive assurance that the final in- 
spectors are competent, as à result of selection by appropriate 


tests, 


enormously increased in the 


CHAPTER V 
PERCEPTION 


It is a rather curious fact that experimental psychology made 
a quick jump in its interests and efforts from sensory testing to 
the measurement of intelligence, with scant attention to per- 
ception. Logically the measurements in the several sensory 
areas should have been followed by measurements in the per- 

‚ eeptual areas associated with, and dependent upon, those sensory 
areas. It is difficult to explain this oversight, but it may be 
suggested that experimentation was diverted to illusions and 
the other more spectacular manifestations of perception, whereas 
the lines of investigation that might have made direct contribu- 
tions to the selection of industrial personnel were largely 
ignored. 

Our attention was attracted to the field many years ago by 
empirical observation of the fact that many students in labora- 
tory courses in zoology and botany could not see what they were 
supposed to see under their microscopes. The obvious infer- 
ence from the condition noted was that these students were 
suffering from eye defects and needed glasses, Yet careful 
examinations of the eyes of these handicapped students, made 
for the purpose of fitting suitable lenses, disclosed no defects 
in the eyes themselves and even, in some instances, indicated 
quite superior visual acuity. 

One may argue that, since what is perceived is the result of a 
learning process in the course of growth from infaney to ma- 
turity, these students had not learned to see what they were 
supposed to see. This argument has little weight when it is 
found that despite good teaching, and intensive effort on the 
part of the student, the function still cannot be performed. We 
are forced to the conclusion that defect in some structure beyond 
the eye itself is responsible. 

On the other hand, certain defects in the structure of the 
visual organ may enhance perceptual ability. Thus it is ob- 
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served that some color-weak and color-blind individuals can 
perceive items that are not perceived by other persons of normal 
vision. It is interesting to note in this connection the recent 
announcement by the press that certain color-blind individuals 
in an air foree are able to perceive camouflaged constructions 
that are imperceptible to others with normal eyesight. 


EARLY EXPERIMENTAL WORK 


When we found, in the course of industrial experimentation, 
that persons of normal vision often could not perform satis- 
factory inspection operations, we undertook the development of 
tests for this function. The first results gave such wide ranges 
of scores in both time and accuracy for persons of normal and 
Superior vision, and, generally, poorer scores for those of im- 
Paired vision, that we made this a major field of investigation. 
. An error in our early work was the tacit assumption, follow- 
ing textbook treatments, that industrial inspection involved rea- 
Soning processes primarily, with perception as an intermediate 


Process between sensation And reasoning. This view we no 


longer hold. Our present view is that acceptance or rejection 


of an item being inspected is based upon à perceptual process 
alone and that reason is not involved unless the inspector is 
called upon to explain why he reacted in a given way. 

It is considered an unfortunate handicap in the attempts to 
Measure special areas of perception that the experimenters ex- 
pect their measures to be significantly related to intelligence, 
Ps to intelligence as measured by the usual intelligence tests. 
The usual high intercorrelations of tests of “social intelligence,” 

Sales aptitude,” “legal aptitude,” and others of the kind with 
tests of general intelligence should be a warning. Any con- 
Siderable overlapping of this kind merely indicates that the 
Special test is measuring to а substantial degree the same thing 


that is measured by the general test. 


APPLICATIONS OF PERCEPTUAL Facts 


nt industrial and other ap- 
ception. It is well under- 
bility to see forms at 


Nic are obviously many importa 
leations of the known facts of per 


st "dor г 
od that certain persons have superior à 
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night or under other conditions of reduced illumination. This 
ability to react to reduced stimuli, or “minimal cues,” is a great 
asset in driving motorized equipment at night, in fog, and un- 
der similar adverse conditions. It is also known that a diet 
deficient in certain vitamins may result in impaired vision and 
visual perception—impairment that may be corrected by suitable 
dietary changes. Certain colors can be perceived at greater dis- 
tances than other colors of the same intensity, and some colors 
have such meanings as “danger,” “caution,” ete., associated with 
them through previous training and experience. 

A practical “intuitive psychologist” of the writer’s acquaint- 
ance had experienced several collisions in which other cars 
had struck his own from the side. He then painted the wheels 
of his car a brilliant vermillion and thereafter claimed excep- 
tional freedom from collisions and “close shaves.” He argued 
that a bright color, especially red, is perceived more quickly and 
meaningfully than black or gray. 


SOCIAL INTELLIGENCE—AN ASPECT or PERCEPTION 


We suspect, from our results, that much that passes for intui- 
tion and “hunches” should properly be called perception. Thus 
we have observed persons possessed of a high order of “social 
intelligence” who were quite at a loss to explain convincingly 
the reasons for their right conduct. The answer probably lies 
in their superior social perception, their ability to react to а 
complex of social cues imperceptible to others less well endowed. 

Such individuals have enjoyed great advantages in our society 
in eertain lines of effort. We have placed premiums upon their 
ability to control the behavior of others—control based upon 
their superior insight or perception of human interrelationships. 
Often this ability is possessed in a high degree by individuals 
whose general intelligence, as measured by the usual tests, 18 
only average, or even below average. 

This so-called “social intelligence” certainly involves the abil- 
ity to receive and interpret a variety of small cues in the visual, 
auditory, kinesthetie, and perhaps other sensory areas. It also 
must involye some specialized ability in the perception of rela- 
tionships among the factors involved in a complex social situa- 
tion. This latter factor would seem similar in kind to, but not 
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identical with, certain perceptual activities in inspection, since 
responses are direct, immediate, and devoid of other character- 
isties that indicate reflection or reasoning on the part of the 
person making them. 

„We have been further interested to observe individuals of 
high general intelligence who could not, even under expert in- 
struction, learn to play a game such as bridge with real skill. 
They seemed to lack a “card sense"—actually what is probably 
a-special form of card pereeption—whereas others less intelli- 
gent quiekly developed a high ability, often through practice 
and experience without instruction. 

This last inference agrees with what is often observed in in- 
dustrial inspection. New inspectors, selected by test, soon be- 
come as speedy and as accurate as those of long experience, 
even without specific training. Their measured perceptual abil- 
ity is quickly realized in production on the job. We have failed 
її our attempts to make even mediocre inspectors of persons 
Who made poor scores on the tests. 


SALESMANSHIP AND PERCEPTION 


_ The field of salesmanship is one in which specialized percep- 
tions must be of great importance. Many sales managers maim- 
tain that good salesmen are born, not made. Certainly the 
Standard techniques of selling, like the rules of bridge, сап be 
learned by almost anyone. But the perception of the situation 
that determines the applicability of the techniques depends upon 
Some innate ability. Such ability is probably, like other per- 
Ceptual abilities, little subject to change by training. 

The problem of selecting salesmen, therefore, becomes one of 
Selecting persons of high measured sales perception. This would 
Seem to be simple. There are several tests of “salesmanship 
available, Why is the success of these tests so moderate ш 
actually selecting good salesmen? Tt jp oun PY clio 
tests are not measuring sales perception and therefore are A 
Bring a measure of the function upon which success ws 8. 

he trouble with such tests, and with certain others—suc ee 
the writer's test of bridge ability, which he finally arr = 
18 that they are verbal. That is, they are expressed pco am 
in words. апа the responses are verbal. The sales situations 
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are presented through the medium of words and sentences. Per- 
ception of words and verbalized ideas is not the equivalent of 
sales perception but only the equivalent of itself—perception 
of words and sentences. 

It will not be simple to devise adequate tests of sales per- 
ception. Tests with written questions and answers will not 
serve. Nonverbal tests must be developed. This process will 
be both long and costly. We believe the clue lies in our own 
nonverbal tests of visual perception, but no private individual 
will undertake the further expensive research required. If a 
highly successful test were devised, it would be quickly dupli- 
cated, paralleled, and appropriated by those persons in need of 
such a measure, and the original investigator would fail to re- 
cover his costs. Such development will not be undertaken, 
therefore, except by a foundation or by a’ trade association. 

The obstacle to successful development of the required instru- 
ments is, in our present view, the lack of techniques in the 
measurement of nonverbal perceptions. While it would be 
scientifically presumptuous to attempt to lay down definite prin- 
ciples to guide such a project, the preliminary lines of experi- 
mentation are fairly clear. Certainly the trait to be measured 
is more easily and directly accessible than accident-proneness, 
already revealed by a simple technique (see Chap. XII). 

The economie and social consequences of the successful de- 
velopment of a sales aptitude test can scarcely be overesti- 
mated. Even moderate success, from a statistical point of 
view, would greatly reduce the high costs of salesman training 
and turnover as well as the emotional stress and strain in the 
personnel, particularly in those who would otherwise fail. 


ENGINEERING APTITUDE AND PERCEPTION 


In the field of engineering aptitude, the experimenters have 
devoted their efforts very largely to perceptual measurements. 
Such measurements have to do with relationships, particularly 
with structural relationships in three dimensions of space. 16 
is our view that such efforts will meet with only limited success 
as long as they are confined to static or geometrical relation- 
ships. The requirement in this field seems to be for dynamic 
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tests, or tests of constantly changing relationships, to which 
the calculus rather than geometry is more appropriately applied. 


INDIVIDUAL DIFFERENCES IN PERCEPTION 


The observation that leads to the foregoing inference is that, 
as an individual is forced to increase the speed of his percep- 
tual reactions in inspection, the accuracy of such reactions 
decreases. A similar phenomenon is observed when an individ- 
ual is required to increase the speed of motor reactions in a 
long or complex cycle that does not involve much perception. 
Tn the latter situation errors and mistakes increase rapidly with 
the inerease in speed, finally resulting only in frantic random 
reactions. In both areas there are wide individual differences 
that imply similar differences in individual effectiveness. 

There are still other individual differences in perceptual abili- 
ties that must be taken into aecount. We have observed in the 
extensive data collected on Forms A and B of the Visual Per- 
ception Tests a pronounced tendency to bimodality in the dis- 
tributions. That is, there are two points of greatest concentra- 
tion of scores. This phenomenon is most pronounced and per- 
sistent in the time scores, but it is also observed in less degree 
in the error scores. The only plausible hypothesis we can offer 
for this is that there are two types of reaction in this area of 
perception. 

Introspective evidence suggests that some persons make a 
“total” or unitary reaction, while others make a series of ana- 
lytic reactions to each test item. The former would react per- 
ceptually to each item as symmetrical or nonsymmetrical; the 
latter would examine each of the several relations of one circle 
to the others—such as vertical distances and horizontal dis- 
tanees—and would, presumably, give a slower reaction. The 
foregoing hypothesis seems worthy of further investigation as to 
its practical diagnostic significance in choosing inspectors. Ap- 
parently the unitary type reaction is quicker, and there is rea- 
son for suspecting that it is more accurate. 
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OTHER Factors INFLUENCING PERCEPTION 


The effects of fatigue, alcohol, drugs, and emotional states 
upon perceptual speed and accuracy constitute an area of in- 
vestigation that should be further explored. We have observed 
wide individual differences in the breaking down of perceptual 
efficiency under the influence of fatigue and alcohol. There is 
reason to suspect that accident-proneness is increased when the 
level of perceptual efficiency under such influences breaks down 
more rapidly than the level of motor reaction. But in some 
persons the motor reactions deteriorate more rapidly than the 
perceptual reactions, thus leading to the inference that such 
persons do not become accident-prone under these influences 
either so rapidly or so completely as the others. 


PERCEPTION AND QUALITY CONTROL 


The intimate bearing of the individual's perceptual reactions 
upon quality control in industrial production must be quite ap- 
parent. What holds for the visual area must be equally true 
of other areas of perception. The analogous deterioration of 
kinesthetic and auditory perceptions should have similar results 
in poorer work and increased hazard to the workers. Conse- 
quently, both the innate perceptual characteristics of employees, 
partieularly of inspeetors, and their sets of personal habits 
should be matters of paramount importance in selection and 
placement. 


Two Perception TrEsTS 


A test designed to measure tactual, or touch, perception is 
shown in Figs. 6a and 6b, page 55. This test consists of seven 
cylinders, each covered with a different grade of sandpaper. 
The cylinders are arranged in a random order before testing. 
The testee is then required to rearrange the cylinders in order 
from coarsest to finest by touch alone, the cylinders being ob- 
seured by a curtain. Scores are in terms of total time required 
and the number of errors in the arrangement. : 

'The results from applications of this test indicated that there 
were too few items and that the differences in degrees of fine- 
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ness between items were too large and therefore too easily per- 
ceived. Such a test should probably consist of at least 20 items. 
Figures 7a and 7b, page 56. represent a test designed to 


Fic. 6a—Tactual Perception Test. 


measure a certain aspect of kinesthetic, or muscular, perception. 
The testee is required to place a small pin through the sloping 
eye of a larger pin without the aid of vision. The testee manipu- 


Fic. 6b —Tactual Perception Test. 


the left hand, while he “feels” for the 
rt the small pin with his right hand. 
performed with the small pin 


lates the large pin with 
hole by attempting to insert t 
This preliminary exploration 15 
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in the first hole, the one nearest the testee. Having determined 
the angle of the eye in the large pin, he then removes the small 
pin and places it in the one of the three holes further to the 


Fic. 7a—Kinesthetic Perception Test. 


rear that slopes at the angle corresponding to the angle of the 
eye. He slides the large pin into the block until the eye is in 
line with the small pin, and then pins it fast by pushing the 


Fic. 7b.—Kinesthetie Perception Test. 


small pin downward through the eye. He then goes on to the 
next item to the right of the first. Scores are in terms of time 
required only, sinee the testee is obliged to complete each item 
without error before going on to the next item. 
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The reliability of this test was impaired by the fact that its 
design violated one of the principles of perception testing. All 
items were of equal diffieulty, whereas it should have presented 
the testee with items of increasing difficulty in performance. 
It should be comparatively easy to design a test of kinesthetic 
pereeption which conforms to this principle. 

Either of the foregoing tests may be motor-driven to afford 
definite time intervals within which perceptual adjustments must 
be made. The desirability of designing such tests in motor- 
driven form would, however, have to be determined in relation 
to the partieular problem being studied. 

Where the individual is himself in motion through space, as 
in driving an automobile or piloting a plane, the time factor 
must be added to the perceptual testing procedure. The eco- 
nomie and safety reasons for this are evident. If perceptual 
reactions tend to break down as the rapidity of the stimulus in- 
creases, the point at which this adds materially to the accident 
hazard must be determined. In other words, if the individual 
can perceive and react adequately only up to a speed of 100 or 
200 miles per hour, he should not be required to attempt ad- 
justment and control at higher speeds. The present evidence 
is to the effect that he cannot, by practice and instruction, mate- 
rially raise his upper limit of this ability. 

Apparently there are at least two types of individual dif- 
ferenees involved in such situations. One is the speed of per- 
ception itself, with its accompanying motor reaction or inhibition 
of reaction, (such as to turn the steering wheel or to hold it as 
it is); the other is the individual's ability to react to reduced 
cues or slight stimuli (as in fog, rain, diminished illumination, 
and noise). Both of these should be measured, and they must 
be measured in any complete inventory of aptitudes and abilities. 


A COMPLEX PERCEPTUAL AREA 


The extreme complexity of some perceptual reactions is in- 
dicated in the following analysis of “Hand,” as the term is used 
in the textile industry. The need for clear definition of the 
terminology is indicated in the explanatory paragraph and table 


reproduced below. From the standpoint of test construction, 


1 Textile World, vol, 91, no. 1, p. 81, January, 1941, 
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it is clear that “Hand” involves a combination of tactual, 
kinesthetic, and visual perceptions, and that each of these per- 
ceptual areas will require a separate test. The minimum num- 
ber of tests will, therefore, be three, but the characteristics of 
the kinesthetic perceptions may require the design of several 
quite different kinesthetic tests. 


For consistency and better understanding among those dealing with 
the hand of fabrics, representatives of the American Association of 
Textile Chemists & Colorists and of Committee D13 at a joint meet- 
ing proposed that the terms in the accompanying table be used regu- 
larly in naming the physical properties of fabrics related to hand and 
for describing the corresponding components of hand. Simple words 
understandable to the layman, as well as to the scientist, were chosen. 
As research progresses on the evaluation of hand and as standard tests 


for each property are recommended, definitions of the properties meas- 
ured by the tests will be added to the table. 


Physical property 


Explanatory phrase 


Terms to be used in de- 

scribing the range of 

the corresponding com- 
ponent of hand 


Flexibility. ........ 


Compressibility. . . . 
Extensibility... ... 


Resilience......... 


Densily...25 s. 
Surface contour. . 
Surface friction... . . 


Thermal character. . 


Ease of bending 


Ease of squeezing 
Ease of stretching 


Ease of recovery from deforma- 
tion in which rate of recovery 
is without limits and thus in- 
cludes elastieity (instant re- 
covery) 

Weight per unit volume (based 
upon A.S.T.M. standard 
measurement of thickness and 
fabric weight) 


‚| Divergence of the surface from 


planeness 

Resistance to slipping offered 
by the surface 

Apparent difference in temper- 
ature of the fabric and the 


skin of the observer touching 
it 


Pliable (high) to stiff 
(low) 

Soft (high) to hard (low) 

Stretchy (high) to non- 
stretchy (low) 

Springy (high) to limp 
(low). Resilience may 
be flexural, compres- 
sional, extensional, or 
torsional 

Compact (high) to open 
(low) 


Rough (high) to smooth 
(low) 

Harsh (high) to slippery 
(low) 

Cool (high) to warm 
(low) 
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IMPLICATIONS OF PERCEPTION 


It must now be apparent to any thoughtful person that the 
field of perception is one that deserves immediate and thor- 
ough exploration. So much of social and economie well-being 
is tied up with its peculiarities that these relationships should 
be measured and understood. This is not an area inaccessible 
to measurement. It is, on the contrary, easily accessible to the 
experimenter who will abandon some of his erroneous precon- 
ceived notions and start afresh with the findings of current 
experimentation. 


CHAPTER VI 


DUAL COORDINATION 


If an assembly job can be done with one hand, using the other 
hand or some mechanical aid for holding the work, it is gener- 
ally believed that greater economy will result from the simul- 
taneous assembly of two units of the product, using both hands. 
Whereas this belief is generally justified, it must be accepted 
with caution in partieular instances. Both the nature and extent 
of the assembly motions and the fact of wide individual differ- 
ences in the operators are variable factors which influence the 
results. 

Time- and motion-study specialists have long contended that 
dual operation on assembly should effect, roughly, a 30 per cent 
saving in time per unit of product. They also concede that such 
savings may be somewhat less where the operation cycle is 
short. Observations both of jobs and experimental tests support 
their views when the persons under observation or test are 
“average” operators. But it is possible to utilize the fact of 
individual differences to select, by suitable tests, certain opera- 


tors who can achieve a saving as high as 55 per cent. 


DuAL Operation Apiniry—A SPECIALIZED FUNCTION 


In the process of making psychological job analyses as a basis 
for test specifications and designs for 


numerous dual operations were du 
tors were in fact alternating the 

posed to be done simultaneously. 

were tested on the dual tests, it was found that many of them 
were inherently incapable of achieving dual coordination. Even 
more striking was the discovery that, after intensive training 
under close supervision in a training department for two weeks, 


they were still incapable of attaining a performance that war- 
ranted the time and effort spent in training. 


60 


tests, it was observed that 
al in name only. The opera- 
hand motions that were sup- 
Later, when these operators 
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It is now fairly clear that dual operation ability is as special- 
ized and as rare as inspection ability. Test results indicate 
that not more than 15 satisfactory dual operators are found 
among 100 applicants for employment, and about the same num- 
ber among 100 qualify for training for inspection. If dual 
coordination and inspection ability are called for in the same 
operator, the combination will be found in about only 7 to 10 
of the 100 applicants. 

Many operators of high potentiality for dual operation are to 
be found among old employees who have been doing nondual 
work. There is no evidence that the trait is modified by nonuse, 
since the experienced operators show the same distribution of 
test scores as the new applicants. Also, a good dual performer 
on one test tends to be, but is not necessarily, a good performer 
on other dual tests. 


Tests or DuaL COORDINATION 


The tests used in the measurement of dual ability were Pin 
Board E, Fig. 8, below, the Controlled Turning Test, Fig. 9, 


Fic. 8—Pin Board E. 


page 62, and the Left-right Turning Test, Fig. 10, page 63. 
In each case the percentage saving was computed by dividing 
the time taken to do the test with the leading hand—usually 
the right—into the difference between that time and the time 
taken to do the test by dual operation. Thus, if the time taken 
to do the test with the right hand alone was 100 seconds and 
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the time taken by dual operation was 60 seconds, the savings 
100 — 60 у 
would be 100 ^9 40 per cent. 


The three tests used differed from each other in several im- 


Fic. 9—Controlled Turning Test. 


portant particulars. The Pin Board involved the placing of 32 
pins in each board, the cycle of operation on each pin consisting 
of six elements. The Controlled Turning Test involved the in- 
sertion of 20 slotted keys through holes in a vertical steel plate. 
It had a seven-clement cycle, The Left-right Turning Test re- 
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quired that long screws be turned, left with the left hand, right 
with the right hand, through a vertical plate. Its cycle con- 
sisted of three elements. In addition to the foregoing differ- 
ences, it is worth noting that the Pin Board required the manipu- 
lation of objects 14 inch in diameter, involving finger dexterity 
and whole-arm motion. The Controlled Turning Test used ob- 


Fra. 10 —Left-right Turning Test. 


jects М, inch in diameter, involving much finger and wrist mo- 
The Left-right Turn- 


tion, with two positionings for each unit. 
ing Test could be performed with either finger or wrist motion 
predominating, the person tested choosing his own style, while 
the size of the object, М inch in diameter, was relatively 
unimportant. 

The results in terms of savings by dual operation on the three 
tests are shown in Table VI, page 64. Comparison of the last 
three columns shows that savings on the Pin Board and the Left- 
right Turning Test were approximately equal and averaged 
around 31 per cent, thus supporting the contentions of the time- 
and motion-study specialists. On the Controlled Turning Test, 
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however, the average savings are about 11 per cent, with many 
cases showing negligible savings or actual losses. This result 
with the latter test is attributed to the two difficult positionings 
of the keys and the need for greater precision of movement in 
all the elements of the cycle, as well as the longer cycle itself. 


Tarte VI.—Savines sy DUAL OPERATION 


Frequencies for each test 
Savings, per cent. 
Pin Board Controlled Left-right 
Turning Turning 

51 to 55 2 
46 to 50 1 9 
41 to 45 18 16 
36 to 40 49 16 
31 to 35 72 2 19 
26 to 30 72 10 14 
21 to 25 38 12 15 
16 to 20 17 15 7 
11 to 15 5 22 9 
6 to 10 : 1 25 8 

lto5 1 13 
= 4to0 1 13 2 

— 9to —5 4 
—14 40 —10 | 2 1 
—19to —15 | 1 
—24 to —20 2 1 
Totals........ 275 | 120 120 


The reliabilities of these three tests are all over .90. That is, 
successive applications of the tests to the same persons yield 
almost the same time scores, so that the results may be accepted 
with confidence in their stability. If the results of the tests 
can be related to performance on jobs requiring dual operation, 
their use is justified in preference to the old method of trial and 
error in selecting dual operators. 

The best data for comparative purposes came from the results 
of the daily records of performance in the training department. 
Table VII, page 65, shows the comparison in terms of per cent of 
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“normal” time allowed for three of the dual operations on small- 
parts assembly. 
Taste VII 


Average time at 


end (two Average gain, 


Average time at 


Class of operators start, per cent bog per cent of 
| of standard SES), DES standard 
| cent of standard 

By those who passed tests. . 80 97 17 
By those who failed tests. . 76 91 15 


This merely represents a comparison of those who “passed” 
the tests by scoring in the upper half of the distribution of 
Scores with those who "failed" the tests by scoring in the lower 
half. When the comparison is made between those recom- 
mended for dual operation and those rejected, the results are 
more striking, as shown in Table VIII, below. 


Taste VIII 


Average time at 


end (two Average gain, 


Average time at 
per cent of 


] 
Class of operztors start, per cent 


weeks), per S 
of standard cant E standard standard 
By those recommended. . . 103 119 16 
By those not recommended. 79 93 14 


Whereas the difference in average gains between the two 
groups is not marked, the comparison between the points at 
whieh they begin and finish is startling. The recommended 
group starts its training above normal, and at a level that the 
nonrecommended group cannot attain after two weeks of inten- 
sive training! Clearly, these results warrant careful selection 
of dual operators with the aid of suitable tests. 

A comparison of the nature of the work on the several dual 
jobs with the results of the test indicates that the greatest 
handicap to increased savings through dual operation comes 
from difficulties in positioning the parts manipulated. When 
this positioning is difficult, the dual operation usually breaks 
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down into two separate operations in which attention goes first 

to the one and then to the other of these operations. When this 

occurs there is no gain over a one-hand operation in this element 

of the cycle, since one hand is at rest, or at least ineffective, 
, while the other hand is working. 


MECHANICAL AIDS IN DUAL OPERATION 


Experience points to the fact that certain mechanical aids 
may contribute largely to the efficiency of dual operation. Bet- 
ter arrangement of parts will cut down the distance of transport 
by the hands and may facilitate the grasp of parts. This is 
especially true where the parts can be presented in hoppers or 
otherwise arranged all in the same relative position, thus requir- 
ing a minimum of attention to the element of grasp or pickup. 
Flared or funnel guides may frequently be used to aid position- 
ing, so that delicate and exact finger adjustments are not re- 


quired and strain on both attention and eyesight may be 
minimized, 


Savincs By DUAL OPERATION 


If the dual job is properly set up, and operators are selected 
by suitably designed tests, it should be relatively easy to raise 
the average savings by dual operation from the 30 per cent 
estimated by time- and motion-study specialists to 40 per cent, 
or, in the ease of better-than-average operators, to an even 
higher figure. Certainly there exists among the applicants for 
factory jobs a sufficient number of highly gifted dual operators , 
to fill all the jobs that ean usually be set up for dual operation. 

Random selection, without the use of suitable tests, will lead 
to the attempt to get dual savings from operators not equipped 
by nature to effect such savings. Then the method will be 
blamed, or the mechanieal fixtures held faulty, whereas the real 
difficulty resides in the fact of an unlucky guess about the op- 
erators’ innate ability. It has long been recognized that people 
differ in height, weight, color, intelligenee, vision, ete. Now it is 
demonstrated, by the demands of industrial adjustment, that 
they differ likewise in dual eoordination, in hand-foot coordina- 


tion, and in the ability to combine dual operation with foot 
coordination. 


CHAPTER VII 
A MACHINE-OPERATOR TEST 
This test, shown in Fig. 11, below, was designed and first 


940. It represents one of the 
tor-driven test for a machine- 


applied during the summer of 1 
first attempts to construct a mo 


Vic. 11—Machine-operator Test. 


y served the purpose for whieh it 


operator job. It has admirabl 
ated a line of test develop- 


was intended and has thereby indic 


ment of great significance for the future. 
served by these operators transformed mate- 


different rolls at six different points in the 
whieh was packed irom one end of 
1 inspector-packers. The machine- 
place the rolls of material as they 

observation of 


The machines 
rials fed from siy 
machine into the product, 
the machine by specialize 


operators were required to Te 
became exhausted, anticipatir 


the diminishing rolls. They were 
67 


ng such action by 


also required to make minor 
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adjustments to the machine, to reduce occasional jams, and to 
inspect the product from time to time for quality and conformity 
to standards. 

Observation of the job and discussion with the operators and 
packers led to the conclusion that the essential requirement for 
successful performance was to keep the machine in production. 
Some machines in the hands of poor operators suffered frequent 
stoppages due to failure to replace a roll of material in time, 
inattention to developing jams, and other causes that were ade- 
quately handled by other operators. 

No record had been kept of stoppages on each of the dozen 
machines, of the lengths of such stoppages, or of the reasons 
therefor. It was consequently not possible to design a test 
directly from the preventive or prophylactic point of view, as 
would have been possible if such records had been available. 
Even if the records had been kept, there would have been no 
real assurance that the figures were accurate, owing to personal 
factors such as changes in the records (to “cover up” a poor 
operator) or incompetent analyses of the causes of stoppages. 
It was assumed to be better technique, under the cireumstances, 
to make a direct analysis of the job requirements and to design 
a test to measure the abilities that seemed to be required. 


OPERATION OF THE TEST 


The test as designed required observation of six points, paral- 
leling the job, with a set of changing relationships among these 
six points over a fixed period of time. Anticipation of an event 
at one point relative to another point, among these six, and 
appropriate simple action to record the accuracy of this antici- 
pation, constituted the essentials of the test. 

Two chain belts, driven at slightly different speeds by a re- 
ducing gear from a small motor, moved around the test area. 
A red flag was mounted on the belt moving at the higher rate 
of speed, while a white flag was mounted on the other. Electric 
contacts affecting each belt when the flag was in their two-inch 
area were placed at the six points indieated by white strips in 
the illustration. When both flags were on the same white area, 
or when the two flags were on any two white areas at the same 
moment, the light in the center of the test would flash. 
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Six switches were mounted in the top of the test, each con- 
trolling the contact of the belt carrying the red flag in the 
corresponding location around the test. If the testee pulled 
the appropriate switch when a contact was about to be made, 
the light would not flash. This would be a successful perform- 
ance. If he failed to pull the switch, pulled the wrong switeh, 
or pulled the right switch too late, he scored an error. 

A cycle of operation lasted 2 minutes and 57 seconds, from 
the time the red flag overtook the white flag until the red flag 
overtook the latter again. During a cycle the light would flash 
nineteen times if no switches were pulled. Scoring was there- 
fore simple. A perfect score would be just nineteen pulls, with 
no lights flashing. Pulls in excess of nineteen would be unneces- 
sary and would thus count against the testee. Similarly, lights 
allowed to flash were failures and counted against the testee. 
The record was taken of the total number of pulls per cycle and 
of the number of lights flashing per cycle. 

Some persons observing the operation of this test have in- 
ferred, incorrectly, that the testee was required to learn from 
experience during the testing which switches controlled the light 
contacts. This is not a learning test. Specific directions on 
operation were given, accompanied by supervised practice dur- 
ing one cycle. If this was not sufficient to develop the neces- 


sary insight—a condition met very rarely—a second cycle under 


supervision was given. 

During the first experimental applications of the test to some 
60 operators and other persons, three complete cycles were given 
This number was later reduced to two, due to 


and recorded. à 
the slight improvement found in successive trials and to the 
Also, lights flashing were 


high measured reliability of the test. 
weighted two points each, as against one point for each excess 
a reasonable valuation. A high nu- 


pull. This seemed to be а 
merical score, therefore, represented many excess pulls, many 


lights, or both. 

On the three successive applications, for 69 operators for whom 
records were available, the average number of lights was 8.57, 
7.35, and 6.30, respectively, with variabilities of 3.59, 3.33, and 
3.67, respectively. The average number of excess pulls was 
12.5, 11.34, and 10.71, respectively, with variabilities of 7.00, 
7.14, and 6.09, respectively. The small changes from trial to 
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trial indicate the high reliability of the test and the absence of 
significant gains through prolonging the testing time. Inter- 
correlations of numbers of lights with numbers of pulls were 
46, 49, and 48, respectively, on the three trials. Intercorre- 
lations of light scores were .61, .54, and .53, and of pulls .53, .65, 
and .67, respectively. Total scores gave .87, .82, and .79, re- 
spectively (first with second, first with third, and second with 
third). 


Test RESULTS 


From the outset of experimentation with this test, the results 
were so unique and promising that an extensive study was made 
of the scores in relation to other tests applied to the same opera- 


Tasty 1X.—Macuine-Operator Test Score CORRELATIONS WITH OTHER 


MEASURES 
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Other measures Foreman's ratings are и 

Moremi ТЕАИ cc werner ow iz .40 
Pin Board time. " —.02 4 
Рїп Воага complexity. .06 .23 
Visual perception (average time and 

error percentiles) .35 .43 
Intelligence. —.12 .26 
Mac line-operat or (average two trials) ‚40 
Detroit Mechanical Aptitude........ | —.02 .48 
Machine-operator improvement... .. —.33 03 


tors. The results are summarized in Table IX, above. This 
was not merely a research venture but a program to accumu- 
late data about each man, by means of which the factory man- 
ager would later choose, from among the present operators, the 
men to be transferred to a new plant, and by which he would 
select new operators from among the more than 125 applicants 
tested during the summer and fall of 1940, 

The significant correlation of scores on this test with scores 0n 
the Detroit Mechanical Aptitude Test is of considerable interest- 
Here is a nonverbal performance test of distinctly dynamic char- 
acter, involving perceptions of space and time relationships and 
manual or motor responses, correlating 48 with a verbal, ОГ 
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largely verbal, test of “mechanical aptitude.” If it can be 
shown that this test, in less than 10 minutes of employee testing 
time, can effect a satisfactory classification of personnel with 
respect to this ability, we have the basis for the development 
of an infinite variety of tests of this general type for the selec- 
tion of personnel for similar jobs in industry. 

It must be noted that this test does not measure all the 
specialized abilities called for by the job. These operators are 
required to maintain a frequent inspection of the material in 
the process of manufacture. This involves general visual and 
kinesthetic perception of the sort required by the inspector- 
packers at the end of the machine. The operators must perceive 
material and product running off-standard and must make the 
appropriate adjustments or shut down the machine to have such 
adjustments made. 

The operators must be physically able to handle the large 
and heavy rolls of material fed into the machine. They must 
also be active in moving along their machines to maintain their 
inspection of the product in process of manufacture and to view 
the rolls of material that are becoming exhausted. Ability to 
s will run out first, and perception of time 


remember which roll 
are important and are also in- 


during the intervening period, 
cluded in the requirements on the test. 

While little confidence was placed in the foreman’s ratings as 
a criterion by which to evaluate the success of the test, a com- 
parison of such ranks or ratings against relative ranks on the 
test is of some interest. Figure 12, page 72, shows this rela- 
tionship for 34 cases in the early stages of this testing. From 
if a testee is in the upper half of the 
f being in the upper half on the fore- 
man’s ratings are 15 out of 17. If he is in the lower half of the 
tested group, his chances of being in the upper half of the fore- 
man’s ratings are only 6 out of 17. A high ranking on the test 
is thus good assurance of high ranking by the foreman. 

For 45 employees for whom data were available, the inter- 
correlations of scores on the Machine-operator Test with other 
able IX, page 70. It is quite signifi- 
cant that the figure is 43 for the combined time and error scores 
on the Visual Perception Tests and only .26 with scores on the 
test—in this case Wonderlie's adaptation of the 


this it is apparent that, 
tested group, his chances 0 


measures are shown in T 


intelligence 
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Otis test. This tends to support our inference that performance 
on the Machine-operator Test depends upon the process of per- 
ception rather than upon reasoning and closely related abilities. 
On the other hand, the low correlation with Pin Board com- 
plexity scores indicates that speed in complex hand movements is 
not very important to success on the test. 

A comparison of the measures of success on the test with the 
same measures of success on the job is also of interest. Thus, 
this test correlates with foreman's ratings .40, which is not 
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Fic. 12—Comparison of foreman's ratings with ranks on Machine-operator 
Test. 


impressive. In spite of this low figure, a study of the individ- 
uals at the high end of the classification indicates that the test 
is doing very well what it is intended to do, that is, to select 
the applicants who will have a high assurance of suecess on the 
job. 

A study of the correlations of the several tests with the fore- 
man's ratings is of some interest. "Thus, neither Pin Board 
complexity seores nor the Detroit Mechanical Aptitude Test 
Scores are significantly related to these ratings. Intelligence 
test scores show a slight inverse relationship with the foreman's 
ratings, as do the Pin Board time scores. The Machine-operator 
Test improvement scores, which reflect the ability to achieve а 
better score in the second trial as against the first trial in this 
test, are also inversely related to the foreman’s ratings. Aver- 
age scores on the Visual Perception Tests correlate .35 with such 
ratings, comparing favorably with the .43 correlation between 
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these tests and the Machine-operator Test scores and tending 
to confirm the hypothesis upon whieh the latter test was de- 
signed—that the most essential element in the job is visual per- 
ceptual ability. 

The foregoing considerations serve to emphasize still further 
the necessity for the separation of perceptual factors from 
manual faetors in the analysis of jobs for the purpose of test 
construetion. It is quite apparent that manual dexterity is of 
some importance as a factor in success on the test, but visual 
pereeptual ability is important on both the test and the job, 
and constitutes the only signifieant point of agreement among 
these results. 

If one were using the older technique of weighting tests by 
the regression method against the foreman’s ratings as a cri- 
terion, he would have left only three measures for selection 
purposes from among the seven shown in the table. Of these 
three he would be compelled to value the visual perception meas- 
ures quite highly, and could be forced to the wholly illogical 
equal weighting of the improvement ratio scores on the Machine- 
operator Test, while he weighted only lightly the ordinary scores 
on the Machine-operator Test. 

Yet the graphie analysis shows very clearly that, if we take 
for employment only the high-ranking applieants on this 
Machine-operator Test, we shall get a very high proportion of 
successful machine operators. If we add to this the require- 
ment of high average scores on the Visual Perception Tests and 
high scores on the Pin Board Test, we shall achieve an excel- 
lent selection from among the group of applicants. 

It is a rather curious fact that the addition of the scores on 
the Detroit Mechanical Aptitude Test will contribute little to 
the excellence of the selection obtained by the foregoing three 
tests, yet the total time for these three measures is considerably 
less than that required for the administration of the Detroit 
Mechanical Aptitude Test. | 

It is by no means certain that the Machine-operator Test 
includes all the elements that we should like to test on the job. 
Whereas this test is highly reliable as a measure of whatever 
there must be other factors conditioning suc- 
flected in the performance called. for on 
is nothing to measure the employee's 


it does measure, 
cess on the job not re 
the test. Certainly there 
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ability to move about, to resist fatigue, to adjust to the social 
situation of the work place, and many other factors that one 
might analyze out of the job itself. Each of these, and perhaps 
many others, must be of some importance, but we are thus far 
without adequate measures of their effects. Whereas some of 
them could be added to the test or measured by separate tests, 
it must be remembered that the law of diminishing returns oper- 
ates here as elsewhere in human affairs, and the practical job of 
employee selection will justify only a certain degree of com- 
plexity, a certain amount of expense, and a limited period of 
time. 

Certainly this test has justified itself as an instrument for 
selection on the grounds that it is quick, accurate, and economi- 
cal. In addition, it has opened the way to a whole new ficld of 
industrial testing which may now be further explored by those 
who care to make use of this promising technique. 


CHAPTER VIII 
SOME STANDARD JOB TESTS 


The following brief descriptions of a number of tests designed 
and applied during the past several years may be suggestive. 
They are not presented as examples to be copied and applied in 
different situations, but rather to indicate the variety of designs 


that may be evolved to solve particular industrial test problems. 


SrwirxG-MACHINE TEST 


The test for selection of sewing-machine operators is shown in 
Fig. 13, below. This was designed hastily for the selection 


Mic. 13.—Sewing-mach ine Test. 


of operators and trainees for sewing operations on gas masks. 
The material to be handled was coarse and stiff. The operation 


placed the burden of manipulation upon the left hand, which is 
75 
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also true of the majority of operations on the standard power 
sewing machine. The test was accordingly designed to require 
the larger part of the necessary manipulations to fall upon the 
left hand, by placing a fence rather low on the projecting arm. 
Two different mazes were made, one with straight paths and 
right-angle turns, the other with curved paths and acute-angle 
turns. 

Clumsiness in running the mazes through this test often re- 
sults in attempts to make the turns before the ends of the paths 
are reached. Each time the maze is not strictly followed, a 
buzzer sounds. This constitutes an error, which may be re- 
corded separately or may be given a penalty value in seconds 
and added to the total time score. 

Whereas this test is still in an incomplete form, it has al- 
ready demonstrated that its design is basically sound and 
merely requires extension and refinement to fit it for selection 
of operators for other types of operations on the numerous 
varieties of sewing machines now in use. 

In its present stage of development, this test does not give 
adequate attention to the perceptual clement in sewing-machine 
operation. The perceptions required while the machine and 
material are in motion at various speeds will have to be meas- 
ured by a separate deviee which is now under experimental 
development. Visual Perception Tests A and B afford the best 
existing measures of this ability. 


Moron Ruyrum Test 


Figure 14, page 77, shows our modification of a test devel- 
oped many years ago by Henry C. Link. It consists of a phono- 
graph turntable rotating at 40 turns per minute and 50 half- 
inch steel balls. Operation involves attempts to drop the balls 
one at a time through a slot in the rotating disk. Balls dropping 
through the slot fall into a compartment near the testee. Balls 
failing to drop through this slot roll into another compartment, 
on the side of the test. Scores are in terms of the percentage 
of success attained. 

It is clear from Table II, page 27, that scores on this test 
are not significantly related to scores on any of the other tests. 
Yet the test has fair reliability and could be made to show quite 


SOME STANDARD JOB TESTS 77 


high reliability by prolonging the practice period before testing 
and by increasing the number of balls dropped for scorie: 
Simplifying the operation of dropping the balls would also in- 
crease the reliability of the measure. 

Although this is not the best test that can be designed for 
measuring the rhythmic function that seems important in cer- 


Fic. 14.—Motor Rhythm Test. 


d useful in selection. The failure 
antly with the scores on other 
il importance in indus- 


tain operations, it has prove 
of its seores to correlate signifie 
tests is of great theoretical and practica 
trial testing and deserves further study. 


se 


Haxp-roor Test 

15, page 78, was designed primarily 
work on kick presses. It there- 
vele with a simple foot element, 


The test shown in Fig. 
to select operators for simple 
fore has a very short hand ¢ 
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differing markedly from the cycles of the somewhat similar 
tests shown in Figs. 1, 2a, and 2b, pages 28, 30, and 31. This 
test affords an excellent measure of hand-foot coordination abil- 
ity free from the bilateral and dual elements that complicate the 
other hand-foot tests. 


Нахр DEXTERITY Tests 


Pin Board I, shown in Fig. 16, page 79, was designed to 
select trainees for an operation requiring one and two one-hand 
elements, intervening between two bilateral elements in the 
cycle. The first board features the basie two-hand elements 
uncomplicated by the one-hand element. The second board 
introduees one one-hand element by requiring the testee to 
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place one medium-sized pin in a hole after each pair of large- 
sized pins has been placed. The third board requires the plac- 


Fic. 17—Pin Board П. 


the right hand, followed by a 


ing of a medium-sized pin with a ' 
between the large pins which 


small pin with the right hand also, 
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are placed two at a time as before. The left hand remains at 
rest during these operations. 

Two kinds of scores are obtainable from this test. The first 
of these, the over-all time for the three boards, is the more 
significant for most jobs. The second, derived from the in- 
crease of time required by the third board over the first, con- 
stitutes a set of scores only moderately related to the total time 
scores. These latter scores reflect the dexterity of the testee on 
increasingly complex tasks involving one-hand elements in the 
operation cycle and are valuable indexes of inherent individual 
differences. 

A similar test, shown in Fig. 17, page 79, was designed for 
certain assembly operations in gas-mask manufacture. The 
ability to work with both hands at considerable speed, and par- 
ticularly to keep one hand from interfering with the other, 
seemed most important on this job. The testee is permitted 
the usual practice before testing and is then allowed to pick 
up with each hand as many pieces as he can manage at one time. 
Only the total time score is considered here, ie., the sum of the 
separate times on the three boards. 


INSPECTION Test 


The Inspection Test, shown in Fig. 18, page 81, was designed 
for measuring the inspection ability called for on the same job 
for which the test shown in Fig. 16, page 79, was designed. 
This ability is both visual and kinesthetic. 

The 100 boards constituting the test are divided thus: 60 
standard, 20 shorter than standard by various small amounts, 
and 20 longer than standard by similar amounts. The testee 
is required to sort these boards into three piles according to 
size, making his perceptions quickly, since he is scored on both 
time and errors. Error scores are quickly computed by turning 
each pile on its side and spreading the boards to expose the 
backs, which are marked in distinctive colors for the several 
sizes. 

A test of this sort, numbering only 100 items, is usually too 
short to have high retest reliability. This can be corrected by 
giving the test a second or third time, or, of course, by increas- 
ing the number of items. Usually, however, it is found that 
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high scores on the shorter test are made by the same persons 
who make high scores on the longer test. Since we are seeking 
only the best, lengthening the test is seldom necessary except 
for research purpos 


Fic. 18.—Inspection Test. 


Drar Нахр Test 


cle Dual Hand Test, shown in Fig. 19, 
lecting dual operators for 
ful in demonstrating the 


The simple short-cy 
page 82, has practical utility in se 
short-eyele work. It is also most use 
savings that сап be effected by dual operation over one-hand 
operation in the simplest cycle. Its operation involves merely 
picking up two marbles, one with each hand, from the rear com- 
partments and dropping them through the two rear holes; then, 
similarly, piéking up two marbles from the front compartments 
and dropping them through the two front holes. 

Four compartments are used rather than only two to intro- 
duce the attention shift required on the job for which this test 
was originally designed. It can, of course, be performed using 
only two compartments. The marbles are of four colors, mak- 
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ing separation and assessment of penalties easy in case some 
are placed in the wrong holes. Only a total time score, after 
practice, is taken. The test is quickly reset by raising the 
central container about one inch, whereupon the marbles roll 
out into their several compartments. 


Fic. 19.—Dual Hand Test. 


BrntaTERAL Hanp Test 


The test shown in Fig. 20, page 83, was designed for the 
selection of operators who were required to pack a variety of 
different items in the same package. These operators worked 
with both hands, taking three items with one hand and one with 
the other, or two with one hand and three with the other, сїс., 
and positioning them in the boxes. 

Items in the hoppers, four on cach side, are placed several at 
a time in four sets of holes in the board in the center of the 
work area, When filled, the board is moved laterally, dropping 
the items into similar hoppers below. The lower hoppers may 
be interchanged: with those above àt the end of the test, thus 
making the test ready for the next. testee. Ttems are of differ- 
ent colors, sizes, and shapes. 

The Bilateral Hand Test affords a total time seore which 
does not correlate very highly with the scores on other tests. 
The test, however, permits a qualitative analysis of particular 
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disabilities in grasping and positioning as affected by the neces- 
sity of handling several items at one time. This latter is often 
highly significant. Good bilateral operators seem to be as scarce 
as good dual operators. Yet the really good operators in both 


Fic, 20.—Bilateral Hand Test. 


categories perform the tests for the respective abilities with ease 


and amazing rapidity. 


CONCLUSIONS 


The tests shown in Figs. 16 and 18, pages 79 and 81, were 
d strictly from the operation analyses made 


the first ones designe 
highly successful in identify- 


by methods engineers. They were 
ing the best operators then on the jobs, thus helping to convince 
company of the efficacy of this tech- 


the management of the 
selection of new operators, they were 


nique. When used in the 
similarly successful. 
Following the success of this carly testing, the procedures 
were extended to include the new plants then being erected, both 
to select operators for transfer from the old plants to the new 
and to select new operators for training. New tests were de- 
signed for types of jobs that occurred in sufficient numbers to 


warrant the expense. 
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It has been demonstrated beyond question that a combina- 
tion of improved methods and selection of operators by appro- 
priate tests will effect, large inereases in production. Just how 
large the increases have been in particular situations it is not 
ethical to state. Furthermore, the selection process alone has 
resulted in substantial increases in production where no changes 
in methods were made. 

In view of these facts, there may be a strong temptation to 
imitate the tests herein described and to apply them in other 
situations. This is almost certain to lead to disappointment. 
Unless the new situation is parallel with the one for which a 
test or tests were designed, the selection process may not be 
valid for the jobs. 

We have steadfastly refrained from giving specifications and 
norms for the foregoing tests to anyone. The tests belong to the 
firms for which they were designed, and the norms are matters 
of internal interest only. It would be far simpler for a com- 
petent person to design new tests than to try to adapt these 
tests and norms to a different situation. 

It must be remembered that, if the basic design of a test is 
sound, any desired reliability ean be obtained by increasing the 
length of the measure. The length chosen will always represent 
а compromise between high reliability and the reasonableness of 
the testing time. Too much time must not be demanded, or the 
testing procedure defeats its own end. 

The best measure of validity of a test for practical purposes 
is the proportion of the selected group—the highest 50 per cent, 
25 per cent, or even 5 per cent—who make good on the job. 
The usual correlation measures take into account equally the 
persons at the lower end of the ability scale, individuals in 
whom we are not interested because we have rejected them. 

The technique of test design has now arrived at the point 
where we no longer ask of a measure, “Will it work?" The 
question now is, “How well will it work?” If the design is right 
the test must work. A test related by basic design to the job for 
which it is intended must give a significant distribution of talent 
with respect to the basic abilities called for in performance on 
the job. 


CHAPTER IX 
MOTOR SKILLS AND PRODUCTION 


It was pointed out in Chap. I that the usual criteria of suc- 
eess in industrial employment are wholly inadequate as stand- 
ards against which to measure the effectiveness of aptitude 
tests. It was argued that appropriate tests yield results that 
can easily and reliably be used as the criterion against which 
the effectiveness of management, especially the quality of super- 
vision, ean be evaluated. This is an unorthodox proposal and 
deserves further examination. 

Any work-limit type of test, involving a certain number of 
items to be manipulated and scored in units of time, is subject 
lo having its raw scores interpreted in a variety of ways. We 
may simply and arbitrarily select a time score below which no 
applieants will be accepted and above which applicants will be 
accepted if they pass certain other tests and the personal inter- 
view. The establishment of such a critical score on the test 
Will be determined by a variety of factors. If applicants are 
numerous and the jobs to be filled are few, the standard will be 
set quite high. When many jobs are to be filled and the num- 
ber of applicants is small, the critical score is likely to be 
moved downward. 

A practical safeguard against th 
file of qualified applicants and draw them from this file in or- 
der of excellence to fill the labor requisitions. Another safe- 
guard is to make sure, through suitable publicity, that appli- 
cants will be numerous enough to yield the number of highly 
qualified individuals required. 

The arbitrarily determined critical score is a useful rough- 
and-ready technique for employee selection, but used alone it 
tells us little about the applicant who js much above or much 
below the designated point. Two other devices are in common 
use to give additional information. The simpler of these is 
the percentile score, expressing the percentage of the tested 
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is situation is to build up a 
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group falling below any particular score in such group. Thus, 
if a testee scores 86 on the percentile scale, this means that 86 
per cent of the group to which this individual belongs scored 
below him and only 14 per cent scored above him. It is under- 
stood that where time scores are used the shorter times are the 
better scores. 


STANDARD Scores 


The other technique involves changing all raw scores into 
sigma scores with an average of, say, 50 and a standard devia- 
tion of 10. This conversion process is simple, but the interpre- 
tation of scores is not simple. It possesses, however, a marked 
advantage over percentile scores in that it makes a unit of the 
standard score equal to every other unit of score along the scale. 
Thus, the 3 units of ability between scores of 37 and 40 on such 
a scale are equal to any other 3 units, such as those between 
73 and 76. This is not true of percentile scores, which fact is 
the most serious objection to their use. 

Both the foregoing techniques permit direct comparison to be 
made between the individual's performances on several tests. A 
percentile score of 76 on one test means the same as a percentile 
score of 76 on another test. The same is true of equal standard 
scores. Both permit graphical representation of an individual’s 
ability as measured by several tests with respect to some com- 
mon average. 

Both of these methods seem quite simple, obvious, and easily 
interpreted to the professional psychologist or the statistician, 
but they are not familiar to most engineers and employment 
personnel. We have, therefore, decided to abandon both and to 
adopt а new method of raw-score conversion in our work. 


PERCENTAGE EFFICIENCY SCORING 


It is observed that, in tests of the work-limit type, the mean, 
or average, score can be used as the 100 per cent level. Scores 
above and below this average can be converted into terms of 
percentage efficiency merely by dividing the raw score into 
the average score. The resulting quotient when multiplied by 
100 is the percentage efficiency figure that stands for the raw 
score on the test. This figure is easily computed, always means 
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the same thing, permits direct comparison of the test scores, and 

has the additional advantage of being thoroughly familiar to 

most of the people who will use it. Table X, below, shows 

a": percentage efficiency technique applied to a distribution of 
ores. 


Errects or LENGTH OF CYCLES 


On motor tests we have seldom found such percentage scores 
to range higher than 200 per cent. The lowest individual per- 
centage score thus far obtained is 42 per cent. It is observed 


Taste X.—DisrRiBvTION OF SCORES ON Moron RuvrHw Test 


Number scored * Frequencies Percentage efficieney 
38-39 2 157 
36-37 2 149 
34-35 8 141 
32-33 n 132 
30-31 5 124 
28-29 6 116 
26-27 13 108 
24-25 15 100 
29-23 14 92 
20-21 13 84 
18-19 9 75 
16-17 7 67 
14-15 3 59 
12-13 5 51 
10-11 1 48 

tn а 
114 


* Average = 24.55 


that the number of percentage points in the range tends to be 
inversely related to the number of elements in the test cycle. 


That is, the greater the number of elements in the eyele, the 
smaller the range of scores. This is shown in Table XI, page 
88. 

The practical application 0 


find the greatest differences in 
on simple jobs and the smallest. differences among employees 


on jobs where the operation cycle is long and complicated. 


f this latter fact is that we will 
ability among employees working 
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Nevertheless, we must not overlook the faet that the range on 
the most complex cycle is from an effieiency of 62 per cent 
in the poorest person to 155 per cent in the best person. While 
relatively greater gains in production will result from selection 
by test of the employees on the more simple jobs, the gains 
on the more complex jobs are only slightly less spectacular. 
The figures in Table XI, below, indicate that for the three 
most, complicated tests the maximum production is 55 per cent, 


TABLE XI.—Rance IN RELATION TO NUMBER or ELEMENTS IN CYCLE 


Number| Number of Minimum Range in 
à and maximum percentage 
of elements in " 
percentage | score points on 
tests test cycle 
scores each test 
1 9 62-155 93 
1 7 76-167 91 
1 6 80-171 91 
| 121 
3 4 132 
| 50-185 135 
1 3 53-212 165 
| 


67 per cent, and 71 per cent above normal, while for the four 
least complicated tests the maximum produetion is 63 per cent, 
86 per cent, 85 per cent, and 112 per eent above normal. 

It must be emphasized that these superior performances indi- 
sate potentialities, and not actualities on the job. The figures 
result from performances under the most favorable incentive 
conditions and during a comparatively short period of time. It 
may be inferred, however, that the optimum rate of performance 
on the job for each individual will be roughly proportional to 
his percentage efficiency figure on the test, ùe., with suitable 
incentives and under competent supervision. 


INCREASING EFFICIENCY 


It is possible, both theoretically and practically, to build up 


a work organization of personnel none of whom is below a poten- 
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tial percentage efficiency of 130 per cent. From such an or- 
ganization a minimum net gain in production of 30 per cent 
could be—and should be—obtained. 

The foregoing observations carry still another implication 
for production. If the shorter cycles show greater ranges, and 
thus greater potential gains on the part of the best persons 
tested, the possibility of further gains in production by merely 
breaking down the more complex cycles and having the work 
performed in two or more shorter cycles, usually by two or more 
operators, is evident. It would thus seem that gains in pro- 
duetion through division of labor are in part due to this char- 
acteristic of the shorter cycle. 

As a practical testing problem it is evident that it is easier 
to design and construct tests for the shorter cycles. It is also 
possible to find a much larger proportion of qualified applieants 
for these cycles. Training time can be reduced, and a high 
level of produetion can be more quickly obtained. 

It is also evident that an operator of suitable dexterity can 
learn a number of short cycles in the time he might otherwise 
devote to the mastery of one longer cycle. The shorter cycles, 


therefore, make for more flexibility in the labor foree. Operators 


can be switched from job to job with little adverse effect on 


production. 

Under certain conditions it may be equally important to 
break down the longer cycles to avoid too great dependence 
on key operators on important long-eycle jobs. This is espe- 
cially important where the operations are performed on or along 
conveyors. We have seen plants in which a few highly skilled 
operators on long-eycle jobs could easily cripple or completely 
tie up production, if they wished to do so. | | 

The two most certain safeguards against the foregoing condi- 
tions are to train understudies in considerable numbers for such 
jobs, or, better still, to break down the long-eyele jobs into 
several short-cyele jobs. The only plausible argument against 
the latter procedure is that it tends to make the jobs more 
monotonous and, inferentially, to lead to undue fatigue and 


higher labor turnover. 
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Мохотохү 


The inereased-monotony argument does not seem, from our 
observations, to be valid for properly selected operators. We 
have seldom found operators who preferred the longer cycles, 
except for reasons of more pay or greater social prestige among 
their fellows. The longer cycles are demonstrably more fa- 
tiguing and impose strains upon attention and pereeption such 
that relatively fewer operators are able to tolerate them. 

The real cause of maladjustment on a repetitious job seems 
to reside in two factors. Either the operator is too intelligent 
for the job, or the pace of the work is beyond the worker’s 
optimum. In the first instance the error of selection can be 
easily corrected by transfer, and proper safeguards against such 
situations can easily be sct up. In the second instance the 
only safeguard is the prior determination of the individual's 
ability by suitable tests and his assignment in accordance with 
these results. 


REPETITION AND FATIGUE 


There has been in the recent past a considerable amount of 
sentimentalized discussion of the fatiguing effects of repetitious 
work. Much of this seems to have come from persons who were 
themselves unfitted for such work, owing to one or the other of 
the foregoing factors. Introspeetion and reflection upon their 
own brief and unhappy experiences have led them to the error 
of generalization from too few cases. "Their arguments have 
had, nevertheless, a certain amount of plausibility for other per- 
sons of mental organization similiar to their own. 

From some of the more academic discussions, one may con- 
clude that most factory work is highly repetitious and therefore 
open to condemnation for implied social effects. The fact is, how- 
ever, that only a small proportion of jobs in general is of the 
short-cycle, repetitious variety. It is also a fact that it is very 
easy to find the proportion of qualified operators who actually 
prefer such jobs. 


It is likewise important to remember that a job is not an end 


in itself—exeept for a few fanaties—but is a means to other 
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more desirable ends. These real ends justify and make tolerable 
the means that may seem onerous to the few who, without 
prompting, really think about them. With the shorter work day 
and the longer avocational and recreational day, the monotony 
argument loses its plausibility almost completely. 


ApILIty AND THE SHORTER Day 


The shorter work day increases the need for more careful 
= logically defensible techniques of selection. Individuals 
( а : : А 
ff better mentality as well as of higher work aptitudes will 
ENTAGES OF SPECIALIZED ABILITIES FALLING IN HIGHEST 


TaBe XIT.—Per 
Various Test RESULTS 


QUARTER OF 


Eagle Pencil Co., Johnson & Johnson, Johnson & Johnson, 
Tested abiliti New York, New Brunswick, | New Brunswick, 
abilities N.Y, N.J N. J. 
107 applicants 121 operators 130 applicants 
21 16 
25 27 
pia and insp iud 8 13 
ponent dexteri dnd 20 19 
Hand-foot and inspection. E 15 
н neral dexterity and hand-f 22 20 
quil and hand-foot... cesses 9 14 
eneral dexterity, hand-foot, and 
Inspection... 0.2.60. ee 4 10 12 
ШИ ERE LLL Lo 


that they would not accept 
day. Proper selection and 
»roduetion for the six-hour 
ietion for the longer day. 
tives to consider in 


accept jobs during a six-hour day 
or continue on during an eight-hour 
placement can easily achieve а daily I 
day that will execed the usual produ 
The length of the work day is one of the incen 
formulating a wage policy. 
As the work day beeomes shorter, more concern is felt about 
the actual distribution of individual abilities among the operators 
and applicants for jobs. Heretofore, it has not been known how 
many among a hundred persons were possessed of the basie apti- 
tudes for inspection, dual operation, hand-foot operation, bi- 
lateral operation, or even general finger and hand dexterity. To 
throw some light on this situation, several analyses were made 
of groups for whom extensive test results were available. . 
Table XII, above, shows the rsons in 


percentage of pe 
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each group whose specialized abilities or combination of spe- 
cialized abilities were in the best quarter of their group. It is 
at once apparent that some of these abilities are more rare than 
others and that certain combinations of these abilities are less 
frequently found than other combinations. The futility of the 
effort to find these rare individuals by interview or ratings on 
the job should be equally evident. 


REASSIGNING EMPLOYEES 


Since the distribution of these 
different for experienced oper: 
may be suggested that con: 
could be achieved in the aver 
present operators to the 
one situation familiar 
crease of 17 per е 
such a change. 


abilities is not materially 
ators than for new applicants, it 
siderable increases in production 
аве plant merely by reassigning the 
jobs for which they are best fitted. In 
to us, it is calculated that a potential in- 
ent in production would have r 


esulted from 
This potential increase 


could have been made 
actual by suitable incentives and supervision, without any 


change in methods of work on the existing jobs. 

From the standpoint of the fore 
management to furnish him with 
quirements, in terms of special 


man, it is an obligation of 
operators who meet the re- 
dexterities and perceptual abili- 
ties, for a high level of performance on the Jobs he has to fill. 
A foreman's primary responsibility is to get out production. If 
he is given employees of low potential ability who require unduly 
long and uneconomieal trai periods, his true funetion is 
severely interfered with, He has every right to demand the 
application of the best available techniques in furnishing him 


with the human tools in the productive processes for which he- 
15 responsible, 


ning 


SELECTION or FOREMEN 


This raises a question about the sele 
self. Under present conditions it would seem that it is far 
more important that the foreman should know the techniques 
of supervision and training than that he be an expert on one 


or more of the jobs under his supervision, The capacity for 

learning new methods i Я i i 
qu methods, employing new techniques, and adopting 

new points of view on Policies and practices is far 


ction of the foreman him- 


more im- 
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portant than the sentimentalized craftsmanship of the old-fash- 
loned sort. 
Methods of work undergo frequent change. The increasing 


use of power machinery and the minute subdivision of labor, to- 
ough the use of 


gether with instrumental control of quality thr 
precision instruments, make increasingly important the matter 
of supervision. 

The emphasis is shifted from quality to quantity, since the 
former is largely removed from the voluntary control of the 


operator and assumed by the machine. The specifications for 


operators, therefore, feature the dexteritics and motor coordina- 
ands of quantity pro- 


tions which will best serve to mect the dem 
duction. Such operators can be most easily and quickly trained 
in the particular methods of work employed on the job. They 
are the ones who will do this work most easily at the required 
rate, ùe., with the least stress and strain. 


CHAPTER X 
TESTS AND LEARNING ABILITY 


It was pointed out in Chap. VI that on certain dual opera- 
tions the individuals selected by test began production on the 
job at a higher level, gained in skill at 
finished at a much higher leve 
passing scores on the te 

The situation confr 


a more rapid rate, and 
l than those who had made below- 
sts but were also employed. 

onting us in such training is physiological 
rather than psychological, Every individual has, for all reac- 
tions of his organism, a maximum level 


of performance called 
the "physiological limit." 


Beyond this point, determined by 
heredity rather than by environmental factors, he cannot go, те- 
gardless of the amount and quality of his instruction and coach- 
ing. It is reflected very clearly in the maximum record of the 
high jumper under expe 


rt training, and in the best attainment of 
a runner in the 100-yard dash or the mile run. 


Sustain ED Рворсстох 


This limit imposed by nature is o 
dustry. On any job there is 
particular operator 
of selee 


f similar importance in in- 
à maximum limit beyond which any 
"annot go. The problem then becomes one 
ting the person with the highest measured aptitude for a 
given job and Subjecting him to the training and incentives nec- 
essary to attain a high level of performance, 


It should be noted that we have not s 


mum level of performance,” Under exceptionally favorable cir- 
cumstances, and for short periods 


of time, most persons can 
reach such a maximum level of production—a level that cannot 
possibly be maintained for a long period. Thus, we have trained 
operators to a level that indicated production at 150 gross of 
the product per day, if that level could be maintained. On 
sustained production these operators produced 90 gross рег 
day under training super 


Sion. Placed on identical jobs in the 
94 


aid “to attain his maxi- 


| 
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production departments, they soon declined to a level of 50 
gross per day, which was the average level of production on 
those jobs in the plant. 

This decline in production was caused by two factors external 
to the operators. One was coercion of the “don’t spoil the rate” 
sort by fellow workers. The other was pressure by foremen 
who thought that this higher production reflected upon their 
own ability to get work out of their older employees and who 
therefore imposed handicaps of parts, materials, and fixtures 
(shortages and poor tools), and made remarks calculated to dis- 
courage such efforts. 

The first factor represents the result of lack of confidence 


‹ i Ў ; : 
m the part of the workers, an attitude born of previous experi- 
abolished jobs and cut rates 


enee with a management that 

when it thought that the carnings were too high. Almost every 
job has a commonly accepted maximum, recognized by the em- 
ployees and enforced by their publie opinion. They have learned 
that persistently exceeding that maximum will lead to reduc- 
tion of the rate or change of the job setup. 

Employees also have a certain self-respect with regard to their 
work which makes them resent à performance that “shows them 
up” or makes them look inferior as producers. A shop is a 
Social unit as well as an economic unit, with all the stresses 
that characterize social units outside the plant. This is a point 
that should be emphasized in all management and foreman- 


ship training. 


М . ^S ats " . 
The second. factor, the attitude of foremen, reflects poor or- 


ganization, poor supervision, and poor morale. There is no 
remedy for the situation save selection of more competent per- 
sonnel in the foremanship positions and better management in 
general. Continuous foremanship training, when coupled with 
close supervision of foremen, is the best safeguard that can be 


offered under the usual conditions in industry. i 
f work by the machine offers 


In such situations the pacing 0 
decided advantages. Assembly on and along conveyors, belt 
and dial feeding, and packing from: the end of the machine are 
good examples. Operators selected by tests for the dexterity and 
rate of speed demanded by the machine сап work with far 
greater freedom from the strain that always attends jobs on 


which the pace is determined by the operators own volition. 
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Such strain is not relieved by the hourly posting of peouspen 
figures, although this procedure does tend to add an pastel hd 
and to hold up the level of production on this voluntary basis. 

The real problem is primarily one of selection. It is the 
problem of selecting operators of high basic aptitude and of 
giving suitable training to attain their optimum skill. HB 
optimum level will, in general, be higher for those of higher 
measured aptitude. Also, the training task will be easier and 
shorter. 


Errects or Low Aptrrupy 


In the evaluation of the attempts to train operators of low 
measured aptitude to a high level of skill, two conclusions stand 
out. The first is that such operators learn more slowly and 
with much greater difficulty than those of higher aptitude. Often 
such learning is achieved at a cost so great, in time, spoilage, 
supervision, and instruction that it is an uneconomical proposi- 
tion. The other conclusion is that operators of low measured 
aptitudes seldom or never attain the level of those of higher 
aptitudes. Where they do succeed in attaining a good level of 
performance, it is usually maintained only temporarily and with 
excessive effort. 

It thus seems impractical 
effort on individuals of low 
such p 


and unwise to expend much training 
aptitude. It is far better to assign 
ersons to simple jobs more suited to their limited abili- 
ties, or else to reject them in the first place. It is no kindness 
to anyone, at any level of ability, to assign him to a task be- 
yond his level, no matter how desirable he may otherwise be or 
how great is his need of work. 

Still worse is the procedure, 


formerly more common than 
now, of trying out a number 


of individuals, and dropping the 
many who cannot make good within a short time. We have 


definite statements of employers that only one among three 

accepted applicants makes good within six weeks on certain 

sewing-machine operations, We have other evidence concerning 

jobs on which only one person in five or six can, after a period 

of training and experience, actually attain the prevailing stand- 

ard. Such a mortality rate is neither sensible nor humane. 
Results of suitable te 


sts, when properly inter 
least four correct select 


preted, give at 
lons out of five, 


and even nine out of 
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ten. The ones who fail after selection by test and interview 
do so not from lack of the particular abilities measured, but 
usually for personality reasons not caught in the interview. 
The test is a positive guarantee of the presence of the ability 
at a level that may be determined. Whether that ability will 
be developed depends upon training and supervision. Whether 
it will be efjective in production depends upon management, 
particularly upon supervision. 


THE AVERAGE AS IDEAL 


Probably one of the greatest drawbacks to production increases 
is the willingness on the part of management to be satisfied with 
average or mediocre performance. When this mediocrity be- 
comes an ideal to be achieved and maintained, as it often does, 
there is little hope of attaining those higher levels of produc- 
tion that the innate abilitics of some of the personnel war- 
rant. 

It is clearly demonstrated in both the test results and in the 
actual increases in production accomplished by selection based 
on such test results that potential gains are sufficient to offset 
almost any other competitive disadvantages from which an or- 
ganization may suffer. We once received a letter from an in- 
dividual who disapproved of selection by test, on sentimental 
and ethical grounds. He destroyed the logie of whatever ease 
he made by citing, at the elose of his letter, the instance of a 
company well known to him that "was unfortunately enjoying 
great prosperity in a highly competitive field" and that was 
making use of a rigorous test-selection technique. 

We once inquired pointedly of the production manager of a 
plant we had visited, “How can you maintain your competitive 
Position in the industry with so many obsolete machines and so 
many old-fashioned methods?”—a fact he had previously pointed 
out, with illustrations. He replied, “We can get away with it 
because our competitors are no better and usually are some- 
What worse.” A subsequent visit to one competing plant abun- 
dantly confirmed his conclusion as it applied to that competitor. 
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OTHER HANDICAPS 


Some plants are severely handicapped by the poor aenea 
the applicants they are able to attract to their employ. wae 
were much perplexed by this situation in the early days o hs 
attempt to build up the personnel of the gas-mask plan a 
Chicago. The difficulties of transportation to the plant a : 
certainly constituted one reason. Another was the etna 
adequate publieity on the kind of labor required. Still anot a 
possibility that could not be readily eonfirmed was the an 
that many potentially satisfactory applicants might fear work 
in a plant having some connection with poison gas. | 

Fear of the work or of certain machines must not be over- 
looked in selection as well as in the job setups. We have ob- 
served that employees resisted assignment to certain jobs both 
directly and indirectly for this reason. Some have told us flatly 
that they did not want to learn to run certain machines, par- 
ticularly certain paper-box-making machines. We have also 


noted marked decreases in production on single machines a 
on groups of similar machines for a long time after an acciden 
occurred to an operator, 


FEAR AND ACCIDENTS 


Fear of the machine certainly ro 
poses the learner to accidents. 
cepted. The solution must lie ir 


to jobs when such fear is expressed or can be inferred from their 
performance. Delay in learning, undue fatigue resulting from 
the strain, and forthright nervousness are signs that should not 
be overlooked. 


Where the test results are analyzed in the manner suggested 
in Chap. XII for evidence of aceident-proneness in the appli- 


cant, we have a safeguard against improper assignment. Suit- 
able levels of perfor selection tests will 
of themselves effect nt or more in acci- 
dents. The additional selection by the accident-proneness tech- 
nique will accomplish a further reduction up to 20 per cent, ОГ 
a total decrease of 70 Der cent. This result is wholly independent 


tards learning and predis- 
These facts are generally ac- 
1 refusing to assign employees 


mance on appropriato 
а reduction of 50 per ee 
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of other safety measures, including training, as the data were 
collected in a situation characterized by rigorous accident-re- 
duction measures of the conventional sort advocated by the 
National Safety Council and administered by a competent and 
exceedingly painstaking safety engincer. 

There is every reason to believe that employees having an 
accident-free test profile will have the least fear of the ma- 
chines for which their test scores show them to be competent. 
We know that they learn more quickly, a result due in part to 
freedoni from the inhibiting effects of fear. It is obvious that 
this factor of fear must be taken into account at several points 
mM our personnel procedures. 

Still another inhibition to success in training lies in previ- 
ous failures. An employee who has previously failed to meet 
standards on a job, or on similar jobs, has often built up an 
attitude of failure. He expects to fail, or fears he will fail, 
thereby becoming predisposed to failure in this learning at- 
tempt. This again reflects the need for selection by test, since 


the individual should not have been assigned to a job beyond 
his abilities in the first place. 


INHIBITIONS TO SKILLS 


Several other observations from experimental and practical 
'arning situations must be borne in mind. It is often observed 
that an individual’s coordinations tend to break down when he 
15 in a state of rage or of fear. Both states may be brought 
about by situations in the work place. Tactless supervision, 
unjust demands, and other similar causes may produce such 
States. Even the pace of the work itself may impose such a 
Strain upon the person that he becomes emotionally upset to a 
egree that interferes seriously with his coordinations and there- 
ore with his learning process. | . 
It is also observed that in most learning, especially that in- 
Volving muscular skills, there occur from time to time plateaus, 
Which represent periods during which no improvement is made. 
hese plateaus are well known from intensive studies in the 
earning of telegraphy, typing, and other similar skills. Escape 
Tom the plateaus and resumption of learning often comes 
through a sudden mastery of a new coordination. This raises 
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an interesting line of speculation which has direct €— 
upon test techniques and upon time- and motion-study 

в 7 earlier studies of test results, we found that two pr 
viduals might show almost identical speeds in the "x 
ments of the cycle, and that the only significant difference 3 
tween them was observed when the over-all length of the eye! 
was considered. It seemed that the important factor, sagen 
was not the speed of single elements, which represent mare 
reactions, but rather the serialization of the simple elements 


into the complete cycle and the still larger serialization of cycles 
into a rhythmic pattern. 


Errects or BRAIN STRUCTURE 


There are sound physiological data to support this conclu- 
sion. We have pointed out previously the fact that visual p 
ception is a more complex process than visual sensation. bá 
former takes place in the visual perceptual areas of the oc- 
cipital lobe of the brain, whereas the latter more simple Gent 
tion takes plaee in the visual sensory areas adjacent to the vibe, 
perceptual areas. The situation with respect to complex motor 
reactions is quite similar, Skilled motor acts seem to be corr 
trolled largely by the Supermotor area of the brain, which lies 
in front of the motor area and ne 
centers of the cerebrum, 
mentary motions or elemen 
the motor are 


arer the higher coordination 
It appears, therefore, that the ele- 
ts of the cycle may be functions of 
a, Whereas the Serialization of elements and cycles 
must be a function of the supermotor area. 

"This serves to emphasize even further the validity of our 
conclusion that measured aptitudes are really innate and that 
they depend upon structures of the brain itself. Modification 
of these structures is possible only within narrow limits. Lack- 


ing the basie structure required, the function will not be per- 
formed. 


Although it is probably true th 


for learning an infinit 
certain transfers of 8 
that each individu 
to others. Also t] 


at an individual has capacity 
ely large number of skills, and also that 
е place, it is equally true 
more to certain skills than 
velopment are implicit and 


kills may tak 
al is predisposed 
he limits of his de 
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fixed in the structure of his brain. How far he will develop 
these innate potentialities will depend upon his experience and 
training. 

That any individual could in a single lifetime exhaust his 
capacity for developing new skills is wholly unthinkable. 
Whereas the difficulty of developing new skills seems to increase 
with age, the general pattern of his set of aptitudes does not 
seem to change materially with the passing of the years or with 
the acquisition of numerous new skills. 
| The extent of the transfer of skill from one job to another 
is a matter that needs further investigation. There is also 
а strong suspicion that what may have appeared to be trans- 
ferred is nothing more than an expression of the same under- 
lying aptitude. Thus, what may seem to be an obvious trans- 
fer of skill from fine hand sewing to the handling of surgical 
ligatures js simply a finger-and-hand dexterity that could be 
expressed in many similar jobs and is measurable by suitable 
dexterity tests. 

In all situations that call for training in motor and per- 
Ceptual skills, the best guarantee of success lies in the posses- 
Evidence of the presence and 


Sion of the underlying aptitude. s 
ained most quiekly and 


amount of these aptitudes ean be obt 
economically through the use of suitable tests. 


CHAPTER XI 
APTITUDE AND SKILL 


It has been previously pointed out that the individual a 
high aptitude starts at a higher level of performance and learns 
at à more rapid rate on the job than the individual of low apti- 
tude. Differences in job performances between an individual of 
high aptitude and one of low aptitude may not be great at the 
start of the period of training, but these differences hanme 
more pronounced as training proceeds. The final level of per- 
formance of the former will be much above the maximum level 
that can be obtained by the individual less well endowed. 

Many studies have been made of the characteristics of the 
curves that represent graphically the increase in proficiency 
in the performance of tasks involving muscular skills. A typl- 
cal curve of growth in skill for the individual of high aptitude 
is marked by a rapid rise, with only a gradual falling off in 
steepness. The typical curve for the individual of low aptitude 
shows only a gradual rise, with a comparatively early and rapid 


falling off. The average individual shows characteristics be- 
tween these two extremes, 


closely enough to many of the 
make the results representative. 
advantage of both strong com- 
complete freedom from some of the in- 


ary industrial position. Moreover, 
às measurable 


as the additional 
petitive motivation and 


hibiting effects of the ordin 
the extent of the skills w 
jective way than similar skills 
three individuals taking р, 
ticed under standardize 
tus permitted the 


in a more exact and ob- 
are measurable on the job. The 
art in this controlled experiment prac- 
d conditions, The nature of the appara- 


keeping of numerical seores from which learn- 
102 
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ing curves ¢ 

бр. be ` е be plotted and by means of which comparisons 
> made among the thre жүн В 3 » 

Mess. ng the three at various stages in their prog- 


Apparatus USED 


The appar у 
та а Битни Fig. 21, below, was а game well known 
s of amusement parks. It consisted of three round 


Score 
oard 
Baskets 
Throwing position 
Fig. 21.—The apparatus. 
Wire 
op, each equipped with 


a he flared toward the t 
ered from 1 em containing seven pockets. 
responding to 7, cach contained a switch с 

The pa on a board above the baskets. 
and бен s were arranged in а TOW under the 
Players ge from each other by intervals of three feet. The 
tion 59 ss or stood behind a long table, in a playing posi- 
from Doom from the baskets. Basket tops were 40 inches 
The Sacer the bottoms 20 inches lower. M" | 
ayers threw solid rubber balls, 114 inches in diameter, 


The pockets, num- 
ontrolling а cor- 


score board 
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into the baskets in an effort to hit certain numbers. The E 
bers tried for were designated before the throw by placing meta 


disks of various denominations on numbers printed on a green 
oileloth at each playing position. 


Tur Pray 


A ball thrown, at random or otherwise, into one of the baskets 
is certain to operate a switch and light a number in the row on 
the scoreboard belonging to that basket. The opportunity for 
the exereise of skill exists in the fact that a ball properly 
thrown will operate the number previously designated. By the 
terms of the play printed on the green oileloth in front of him, 
à player may elect to play only for odd or even numbers (the 
number 7 losing to the management of the game), receiving 
an amount equal to his wager when he wins. He may, if he 
chooses, try for any number from 1 to 7, inclusive, winning at 
5 for 1. He may elect, instead, to play one ball into each of 
the three baskets, or Join with one or two other persons in play- 
ing into the baskets, trying for a combined score of 3 to 21, in- 
clusive, in the three baskets, at increased odds depending upon 
the theoretical frequency of the combination tried for. 

Theoretically, by pure chance, the sums 3 and 21—three 1% 
and three 7’s—appear once each per 343 random throws. By 
the legend on the green table they win at 100 for 1. Single 
numbers each appear once in seven throws, on the average, pro- 
vided there is no bias due to position in the baskets. 

Consistent winning at the game depends upon the development 
of such skill that the odds offered by the management may be 
overeome. The odds offered, however, do not parallel the theoreti- 
cal frequeney of the numbers that may be tried for, some com- 
binations offering better contracts to the players than others. 
Table XIII, page 105, shows the distribution of these sums 
according to the laws of chance and, paralleling them, in the 
last two columns, the distribution of the odds offered by the 
management of the game, a study of these distributions, 
the proble ers should be clear, The sums 
ffer poor contracts. The sums 
best contracts, since the paying 
age frequency of appearance of these 


From 
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combinations. Thus, on the 12, which appears once in nine 
trials, on the average, the management pays 6 for 1. To break 
even, the player would have to make this combination appear 
once every seven trials. If a player could make this number 
appear once every six or fewer trials, he could win against the 


Taste XIIL—TukonETICAL vs. Praying Opps 


Sum of numbers, | Frequencies | Percentage Playing odds, | Percentage 
three baskets of sums of totals odds to 1 odds 
3 1 .29 100 1.00 
4 3 .87 50 2.00 
5 6 1.75 25 4.00 
6 10 2.92 15 6.67 
7 15 4.37 12 8.33 
8 21 6.12 10 10.00 
9 28 8.16 9 11.11 
10 33 9.62 8 12.50 
11 36 10.49 7 14.29 
12 37 10.79 6 16.67 
13 6 10.49 7 14.29 
14 33 9.62 8 12.50 
15 28 8.16 9 11.11 
16 21 6.12 10 10.00 
17 18 37 12 8.33 
18 10 2,92 15 6.67 
19 6 1.75 25 4.00 
20 3 87 50 2.00 
21 1 .39 100 1.00 
| 
3433 | 0997 | 


IN PRE 
Sad LERPREreTION: The sum 12, in the three ba 
break als. -It thus occurs 10.79 per cent of the tri 
continu pit, Would have to be made to appear 
ous betting on the number 12.) 


jours 37 times by chance along among 
Gnd wins at {ae rate of 6 for 1, but, to 
per cent of the trials. (This assumes 


odds, By chance alone, ie., random throwing, without skill, he 
Would lose in the long run, of course. 

On the basis of chance alone, the management stands to win 
quite handsome profits from the game. If the players could 
develop sufficient skill to overeome the odds consistently, the 
Management could also lose quite heavily, since the players are 
Competing against the house odds and not against each other. 

two or more players are permitted, without collusion among 
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them, to throw into the same basket in an effort to make duis 
ferent numbers or combinations, they may nullify each other's 
skill and reduce the scores to their theoretical expectancy. 


HYPOTHESES 


Inspection of the apparatus and observation of the methods 
of play led to the conclusion that attainment of skill by the 
players was reasonably certain; that the game was adapted to 
individual, cooperative, and competitive play; and that it had 
merit as a device for affording recreation and amusement. 

The following hypotheses, later tested by the experiment, were 
formulated: 

1. That random throwing should yicld approximately equal 
percentages of 1%, 2%, 3%, ete., according to the laws of chance. 

2. That effort and practice by the player should produce a sub- 
stantially higher proportion of a certain number than would 
be obtained by chance alone, 


3. That learning curves plotted from the dat 
should correspond generally 
learning. 


To test these hypotheses, it was proposed that an experiment 
be conducted with unskilled players under controlled conditions 
for a period of several weeks, carefully observing and tabulat- 


ing the results, and comparing the latter with known characteris- 
ties of skilled performances, 


a of practice 
to the known curves of muscular 


Tue PROCEDURE 


Three persons in their e 
were selected as subjects. 
before this time, but all had played games of chance and skill 
at amusement parks, Throughout the experiment these three 
manifested a keen interest in trying to improve their skill. 

The trials were ¢ 


arried out on three evenings each week for 
three weeks. Practice began at 


8:00 р.м. The practice for cach 
evening, during the first six ev 


Y enings, consisted of five periods 
of 15 minutes each, separated | 
seventh evening was dev 


determined combined SCO. 


arly thirties, a Woman and two men, 
None of them had seen the game 


У 5-minute rest periods. The 
oted to competitive play for a pre- 
re I the three baskets. The eighth 
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evening was devoted to four practice periods for individual scores 
and one period of random throwing. The ninth evening was de- 
voted to three periods of 100 trials each, in which the players 
tried cooperatively for a predetermined total score. Only the 
results of the individual play are reported here. 


ANALYSIS OF RESULTS 


1. Random Throwing.—Study of the results of random throw- 
ing revealed no bias toward any one or several numbers in the 
baskets. The distributions followed the theoretical expectancies 
so closely that only two periods were devoted to this test. 

2. Individual Throwing for a Predetermined Score.—Thirty- 

“two periods of 15 minutes each were devoted to this part of 
the experiment, each player throwing one ball into the basket 
assigned to him, and all throwing at approximately the same 
time. After cach throw was recorded, the apparatus was reset 
for the next throw and a signal of readiness given the players. 
Each player threw 4,008 times during this part of the experi- 
ment. 

Throughout the experiment the players were permitted to 
choose their own style of throwing, but the numbers to be tried 
for were designated for each 15-minute period by the experi- 
menter. This designation of numbers was necessary in order 
to cover all the holes in the baskets, since some were much more 
difficult to hit than others. 

Between the third and fourth evenings, the positions of the 
baskets were changed by rotating them through an are of 180 
degrees. This second position was maintained for the remainder 
of the experiment. 

The results of this series of trials are shown in terms of 
Percentage variation from theoretical expectancy in Figs. 22, 23, 
and 24, pages 108, 109, and 110, respectively, and the combined 
Scores for the three players in Fig. 25, page 110. The upper graph 
In each figure shows the detailed results for each 15-minute period 
IN sequence. The lower graph shows these data smoothed by the 
method of the five-point moving average. The zero line is the 

the level that should be attained 


level of theoretical expectancy, t should be 
s above this line indicate the 


by pure chance. The departure 
effect of skill. 
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By chance alone each player should have scored the numbers 
tried for one-seventh of the total number of throws, or 572 
times. All exceeded this figure: Mrs. L with 842 by 47 per cent; 
Mr. C with 896 by 57 per cent; and Mr. L with 622 by 9 per 
cent. These are the average percentages by which the curves 
depart from the theoretical expectancies. Clearly Mr. C was 
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Fic. 22.—Learning curve: Mr, С. 


the most proficient performer, with Mrs. L a close second, and 
Mr. L a poor third, 


"e average performance of the three players together is 
:9 per cent better than chance. This is а level of performance 


UN Р ч} Ше management’s odds and to win moderately 

" ae players. For Mr, C, with his &verage performance 57 
Е cent better than chance, the returns would be 134 for every 
H 0 units wagered. Mp. L would lose in the long run, however, 
since his average Performance of only 9 per cent beter than 
chance is not good enough to offset the management’s odds. 
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The following characteristics may be noted in these per- 
formances: 

1. Very few of the scores fall at, or below, the theoretical ex- 
pectancy. (Some of these were undoubtedly due to the fact 
that the numbers thrown for were in a part of the basket diffi- 
cult to hit, something the player could have avoided had he 
been free to choose his own number.) 
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Fic. 23—Learning curve: Mrs. L. 
2. In general, the players improved their skill during each 
evening’s play. | 

3. The play on later evenings of the week showed improve- 
Ment over the play in the earlier part of the week. | 

4. Loss of skill occurred over the weekends, but such skill 
Was soon recovered when play was resumed. 

5. Marked differences of ability among the players are re- 
vealed in the relative heights and trends of the graphs. This 
ne with the known facts of individual differences in 
Skills, 
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These results tend strongly to confirm the second and third 
hypotheses. The fact of marked individual differences in the 
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results might have been anticipated in the 


hypotheses, since 
their presence as revealed in the data tends to support the gen- 
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eral assumption that s 
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dividual skills, 


ame will be influenced by in- 
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The curves in the foregoing figures reflect the two main 
criteria of skilled performances. The first of these is that there 
shall be a significant difference between the distribution of re- 
sults obtained when effort is directed toward the prescribed end, 
thus creating the situation favoring the development of skill, 
and the distribution that results from random, undirected effort. 
The other is that there shall be derived from successive trials 
one or more curves that follow, in general, the typical learning 
curve, i.¢., rapid initial rise, gradual negative acceleration or 
flattening out, and approach to or attainment of a maximum be- 
yond which no further improvement is indicated—the physio- 
logical limit. 


Тави XIV.—Comparison or EARNINGS 


Wages, Average length 


Number Class of employees per cent of of service, 
average months 
13 Old employees, passed tests 116.1 32 
10 Old employees, failed tests 93.6 24 
16 New employees, passed tests 97.4 2 
9 Trainees, passed tests 113.3 м 


Another characteristic, most important for industry, is also 
shown in this study. This is the wide differences in rapidity 
of learning the skilled performance and the similarly great dif- 
ferences in final level attained among the three persons. This 
is directly analogous with the typical situation in industry. The 
desirability of initial selection of those who can learn both 
rapidly and to a high final level is evident. A study of the 
several learning curves should be enlightening to anyone who is 
concerned with the nature of skilled performances. 

While we have no similar curves for industrial jobs showing 
the rate at which learning proceeds for those who have been 
selected by test as against those selected by interview or re- 
jected by test, Table XIV, above, gives the achievements in 
terms of piece-rate carnings of four different categories of em- 
ployees against the average wages paid in the department. Both 


groups of old employees had been selected by interview, whereas 
the new employees and the trainees had been selected by test 
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as well as interview. It may be noted that the new employees 
were earning higher piece-rate wages, on the average, after 2 
months of service than the older employees who failed the test 
and who averaged 24 months of service. It is also notable that 
the trainees after 2 weeks of service were earning wages almost 
equal to the average of the old employees who passed the test 
and whose average length of service was 32 months. Selection 


by test and specific job training are clearly justified by such 
results. 


CHAPTER XII 
MEASUREMENT OF ACCIDENT-PRONENESS 


Until quite recently it was customary among many engineers 
and psychologists, as well as among the lay public, to look upon 
industrial and traffic accidents as primarily due to chance fac- 
tors which could not be brought under control. More recently 
there has been a marked tendency to ascribe many accidents to 
personal behavior in the individuals concerned, ie. to varia- 
tions from a standard pattern of right and safe behavior. The 
remedy obviously lay in training, since the deviations were as- 
sumed to be matters of habit that were largely under voluntary 
control. 

The effectiveness of extensive and intensive safety training 
programs instituted by various industrial organizations has often 
been startling. In some other instances such programs seem to 
have almost reached the limits of effectiveness, considering the 
time and effort devoted to them, but accidents continue, al- 


though at a lower rate. Fortunately, however, the means of 


control have not been exhausted. 


EannLv FINDINGS 


Investigations by Greenwood and Wood * in 1919, followed by 
that of Newbold? in 1926 covering 16,000 British cases, and 
further supported by the findings of Bingham and others in 
the United States, point to one conclusion: Some individuals 
are, by reason of certain inherent characteristics, predisposed 


1M. Greexwoon and Н. M. Woon, The Incidence of Industrial Acci- 
dents, Industrial Fatigue Research Board Report, no. 4, 1919. 

* E. M. Nrwnorp, A Contribution to the Study of the Human Factor 
in the Causation of Accidents, Industrial Fatigue Research Board Report, 
No. 34, 1926. 

; Ww. V. Віхснам, Individual рі 
genical News, vol. 15, no. 2, February, 1930. 
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to have accidents. It was upon such a conclusion that ше T 
perimental investigations of Farmer and Chambers? were predi- 
cated. | 

These latter investigations, made under the auspices of the 
British Industrial Health Research Board (formerly the British 
Industrial Fatigue Research Board) and published in its series 
of bulletins, demonstrated conclusively the possibility of further 
reduction of accidents through the identification of individuals 
having the accident-proneness characteristics. Their results in- 
dicated that the selection of industrial workers by tests would 
effect a 50 per cent reduction in accidents, since it has been 
amply demonstrated that the most able workers 
safest and that work done correetly . 

The British investigators found no relationship between in- 
telligence, as usually measured, and the accident records. They 
did find, however, that three tests of the considerable battery 
used showed substantial relationships with the records. These 
three tests were Choice Reaction Time, Dotting, and the Pur- 
suit Meter, all well known to psychologists, 

It is important to note t 


are also the 
is done safely. 


hat each of the three tests involves 
in its performance the use of attention and perception in con- 
junction with muscular movements, Since it was quite im- 
possible to separate the perceptual f: 
trol factor, the two enter 
amounts. The effect of th 
relationship that was pre: 


actor from the motor con- 
ed into the final scores in unknown 
is was to reduce the amount of actual 
sent in the data. 


RELATIONSHIPS BETWEEN TESTS AND ACCIDENTS 

A more limited investigation 2 made some years ago by this 
writer indicated that only moderate relationships between acci- 
dent records and tests Were obtainable when scores were handled 


d used by the British investigators. 
1E, Farmer, and E 


I 827 Снамвеңѕ, A Study of Personal Qualities in 
Accident Proneness апі Proficie 


ney, Industrial Health Research Board 
Report, no. 55, p. 59, 1929. 


20, А. Drake, The Prediction and Control of Accidents, The Scientific 
Monthly, July, 1940, Pp. 74-76; Accident-proneness: A Hypothesis, Char- 


acter and Personality, June, 1940, PP. 335-341. See also, Detecting the 
Accident-prone Worker, Personnel, March, 1949, pp 276-281 


in the conventional metho: 
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Far more significant relationships were found when the dif- 
ferences between scores on perceptual and motor tests were com- 
pared with an index that took account of both frequency and 
severity of accidents. 

Four of the tests used in the original battery were planned 
as the result of a considerable number of job analyses and work 
observations made in one department of a factory and reported 
in detail elsewhere. They consisted of two motor manipulation 
tests and two inspection or visual perception tests. A fifth test, 
the O'Connor Tweezer Dexterity Test, was added for purposes 
of comparison, as the other tests were specially designed and 
still unstandardized. 

All the tests used were of the work-limit type, ùe., they con- 
sisted of a definite number of pieces to be manipulated, and the 
scores were determined by the time taken to accomplish the tasks 
set. To facilitate direct comparisons among the several tests, 
all raw scores were converted into standard scores, with a mean 
of 50 and a standard deviation of 10 on the bases of the dis- 
tributions of scores made by the several hundred persons tested. 

The motor tests involved principally dexterity of the fingers, 
together with some motions of the wrists and arms. Pin 
Board E (Fig. 8, page 61). required the testee to pick up round 
pins, 16 inch in diameter and 2 inches in length, one with each 
hand, and to place them simultancously in parallel rows of holes 
m a large wooden tray. The Right-right Turning Test in- 
volved the turning of 10 pairs of machine screws into threaded 
holes in a vertical steel plate. The O'Connor test required the 
testee to work with only one hand in placing small metal pins, 
With the aid of tweezers, in parallel rows of vertical holes in 
а wooden block. 

The inspection tests were primarily 
but both involved some motor manipul ; 
Parts. The Spiral Inspection Test (Fig. 4, page 41) consisted 
of 100 small aluminum spirals, cach of which had been punched 
With a small hole near one end. Fifty were punched "standard" 
2106 turns from the end. The remaining 50 were punched 

! C. A. пакь (with Н. D. Outen), The Technique 
Yanagement and Maintenance, vol, 96, no- 3, n. 
17 A. Duas, Inspection for Inspectors, American 4 

> Pp. 766-768, Aug. 24, 1938. 


tests of visual perception, 
ation in handling the 


of Testing, Factory 
71-78, March, 1938; 
fachinist, vol. 82, no. 
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"off-standard," ie., at various distances other than the кз 
ard. The testee was required to separate the standard 1 r^i 
from the others. The Case Inspection Test (Fig. 5, p i 
introduced an additional perceptual operation. One pios 
and twenty colored metal pencil eases were to be sorted into v 
compartments of a tray by colors, but 30 defaced (pune J 
marked) items were to be detected and placed in a separate com 
artment. 
р The experimental group consisted of 40 female operators from 
one metalworking department of the factory selected by the 
foreman in response to this request: “Some of the best, some 
of the average, and some of the poorest.” The range of scores 
on each of the several tests indicated that this had been con- 
scientiously done. Cards bearing thé names of these 40 opera- 
tors were Subsequently handed to this foreman on two different 
occasions about three weeks apart with the request that he rank 
these operators in order of efficiency. Each time he arranged 
the eards without hesitation, his two rankings agreeing with 
each other .9. We later learned that these rankings had been 


conditioned by, and agreed very well with, the operators' piece- 
rate earnings. 


These 40 operators had 73 accidents during the 17 months 


covered by the aecident records, against 71 accidents recorded 
lor the other 39 operators in this department. Twenty-three 
of the selected group of 40 operators suffered from one to nine 
accidents each during the period, against 23 in the remaining 
group of 39 who had from one to fourteen accidents each. From 


this and other data we concluded that the experimental group 
was а representative sample. 

Since the accidents recorded diffe: 
20 out of 40 operators had bee 
months covered by the 
computed for each pe 


red in severity, and since 
n employed less than the 17 
records, an “accident index” figure was 
rson by the formula: 


; А number of accide 8 X severit 
Accident index — accidents X severity 


length of servi 
Average severity was estimated b 
using a scale from 1, slight, to 1 
accident was largely Чере 
required rather th 


ce in months 


Y the registered nurse in charge, 
0, very severe. Severity of each 
ndent upon the number of redressings 
ап upon the extent of impairment in working 
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ability. For the 20 operators whose period of service exceeded 
the 17 months covered by the records, the figure 17 was used in 
the denominator. A high index figure, therefore, represents many 
accidents, or severe accidents, or both. 

Systematic statistical and graphical examinations were made 
of the direct relationships between the accident index and each 
of the several sets of test scores without arriving at any signifi- 
cant conclusions. Psychographs, of the type shown in Figs. 26a 
and 26b, below, were also made for the operators, and the 


100 100 
a 
50 50 
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Tic. 26b—The “accident-prone” 


Vic, 26a.—The “safe” type; E i 
type; accident index = 1.00. 


accident index = .00. 


accident index figures were inscribed in the upper right-hand 
corners. 

During a somewhat casual manipulation of these psychograph 
cards, it was observed that the accident index figures tended to 
on the motor tests were higher than the 
It was also observed that the 
or zero, when the scores on the 


be high when the score: 
Scores on the perception tests. 
accident index figures were low, 
Perception tests were higher than the scores on the motor tests 
(see Fig. 26a and 26b). 
In following up this promising clue, the numerical scores were 
again examined in relation to the accident index figures, this 
time by subtracting each test score from every other test score 
for that individual and computing the relationships between 
such differences and the accident index. Computations were also 
made of the relationships of the differences among various groups 
of scores and the accident index. 
From the foregoing computations i 
set of differences resulting from the subtr: 


t was concluded that the 
action of the scores on 
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the Right-right Turning Test from the scores on the Spiral In- 
spection Test exhibited the most significant relationships with 
the aecident index figures. These relationships are shown 
graphically in Fig. 27, below. The probability that this dif- 
ferentiation is valid and not the result of chance is high. 


(500 


Accident Index 


100 


60 -40 20 


) o 20 40 
Scores: Spiral Test Minus Turning Test 


Fie. 27.—С nie А 
omparison of accident index with test scores. 


4 Те average difference-seore for the 17 
in the Broup is —2.9, with a stand 
к esed ie average differenee-seore is —12.9, with a 
is 10.0, nf wis кер The difference between these means 
difference is 4.5. The differant the standard deviation of the | 
ard deviation, indicating tl d therefore 2.2 times its stand- 


c hat the probability is | 
that the difference is genuine (greater than om POTERE | 


accident-free persons 
ard deviation of 14.1; for the 
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A comparison of Fig. 27, page 118, with similar diagrams on 
which the scores of each of these two tests are plotted against 
the accident index clearly reveals a lack of significant linear 
relationship. This probably accounts for the failure of the 
earlier comparisons to disclose the existing relationships. 

That these two tests are measuring quite different abilities 
may be inferred from a study of the manipulations called for 
in the performance of the tests and from their low intercorrela- 
tion. The latter is of the order of .2, as computed from the 
whole group tested later—operators and applicants. Each gives 
an approximately normal distribution of scores, ranging from 
3.61 to 11.68 minutes for the Spiral Inspection Test, and from 
4.42 to 12.31 minutes for the Right-right Turning Test, in 
terms of raw scores. Retest reliabilities are .8 for the former 
and .9 for the latter, both uncorrected. 

It may be inferred that the Spiral Inspection Test js measur- 
ing visual perception, primarily, and that the Right-right Turn- 
ing Test is measuring a manual or motor speed and control 
factor. These are not the best tests that ean be devised for 
measuring such factors. The Spiral Inspection Test involves 
too much perception in only two dimensions and too much 
manipulation, this latter overlapping what is measured by the 
Right-right Turning Test. This latter test involves too much 
Positioning, or fitting of the screws into the plate (to get them 
started), a factor quite different from the mere turning of the 
screws, thus not affording a pure measure of the apparently 
More significant turning ability. 2 

Further research in this field would seem to require several 
tests of perception in two and three dimensions, uncomplicated 
by manual and other disturbing factors, and several tests of 
Manual or muscular manipulation, as nearly free from percep- 
tual and other complicating factors as it is possible to devise 
them, 


A HYPOTHESIS 


The foregoing results lead to the hypothesis that es 
Droneness is a phenomenon associated with discrepancies in leve 
between perception and motor reaction. It was observed Ша 
Persons whose perceptual level is equal to or higher than their 
Motor level are relatively safe, while those whose perceptual 
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level is lower than their motor level are accident-prone, with 
records of more frequent and more severe accidents than the 
former group. This implies that those who can see faster than 
they can react are relatively safe, while those who react faster 
than they can see are accident-prone. 

It does not follow, however, that all uncorrected defects of 
vision contribute directly to slow perceptions and thus to acci- 
dent-proneness. It is apparently possible to have a variety of 
such defects and still get perceptual cues that are quite ade- 
quate for effective and safe behavior. Although defective vision 
tends to reduce the speed of perception, the level of speed of per- 
ception is not necessarily reduced below the level of speed of the 
motor reactions. 

There is some evidence to indicate that certain individuals 
suffer an early and rapid breakdown of the speed of perception 
under the influence of fatigue, alcohol, and distraction. In oth- 
ers the breakdown seems first to affect the speed of motor re- 
actions, leaving the speed of perception relatively unimpaired. 
This latter group would tend to be relatively safe under these 
influences as long as the perceptual level is not reduced. On 
this hypothesis, however, the introspective evidence of the in- 
dividual himself should not be sufficient to justify his working 
at a dangerous task while excessively fatigued, or driving his 
automobile while intoxicated. The foregoing evidence does 
raise some doubt as to the validity of measures of vision and 
of the aleoholie content of the blood as bases for a judgment 
of impaired skill and safety. The effect of these factors on 
perception seems to be the real criterion. 

It is significant that in the writer’s investigation two rela- 
tively safe groups of industrial workers were found—the very 
good piece-rate workers on assembly operations and the very 
slow group of day-rate workers. It would seem that the latter 
avoided accidents by a slow rate of work. This is shown in 
Table XV, page 121. The preponderance of accidents in the 
third quarter of the group—the quarter containing the workers 
who were barely making the piece rates—is striking. If tests 
had been used in employment selection, most of the persons in 
these two lower quarters would not have been employed. This 
alone would have effected a reduction of accidents amounting to 
55 per cent, a result that compares favorably with the estimate 
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made by Farmer and Chambers. If the difference-scores had 
also been used for selection, the reduction would have been 
much greater. 


Taste XV.—RELATION oF ÁccIDENT INDEX TO EARNINGS 


Foreman's Sum of index | Sum of index 
ranks figures, by figures, by 
(earnings) eighths quarters 
1-5 2.24] 
4.83 
6-10 2.59] 
11-15 2.01 T 
.28 
16-20 5.27 5 
21-25 Fed 18:86 
26-30 8.86 Ben 
31-35 188] jn 
36-40 5.39 Td 


TanuE XVI.—ACCIDENT ĪNDEX AND ТЕЗТ DIFFERENCE-SCORES 


Difference- Sums of accident index by 
scores 
(perception 
minus motor) | Eighths Quarters | Halves 
+60 to +29 71 
4.29 
23 to +18 3.58 
i 7.71 
15to 4- 8 .57 
i 3.42 
+ біо = 5 2.85 
= 6to —11 2.88 
6.57 
—12 to —15 3.69 
^" 25.04 
—15 to —21 9.00 
18.47 
—21 to —48 9.47 


Table XVI, above, shows, for the same group, the marked 
tendency of the difference-scores to pick out the individuals 
with the high frequencies and severities. 
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If employee selection were made using both methods of test 
score application, a reduction in the average accident index of 
as much as 75 per cent might be achieved, and this quite inde- 
pendently of other safety education and training measures. In 
fact, in one group of new employees thus selected, the actual 
reduction was 70 per cent, in comparison with the records of a 
group selected by the usual interview technique. 

A still further reduction in accidents might be achieved by 
classifying jobs and work areas in terms of the hazard they 
present and assigning to the most dangerous work the applicants 
least likely to have accidents, and to the least dangerous work 
the applicants most likely to have accidents. By this method 
a given set of workers could be distributed so as to effect a sub- 
stantial reduction in accident rate and severity. 


IMPLICATIONS 


What are the prospeets for attacking this apparently inherent 
accident-proneness in some persons by education and training? 
It must be confessed that the results of the attempts to modify 
the test scores by training have been discouraging. The tests 
seem to be measuring innate qualities that can be modified only 
slightly, and that with great difficulty and perhaps only tem- 
porarily. 

The better approach to control seems to be to discover the 
degree of accident-proneness of a person and then to place him 
in an environment in such a way that he will not be subjected 
to hazards beyond his tested limitations. Knowing his limita- 
tions, he may, by the exercise of judgment, avoid situations 
that might have disastrous results. If the hypothesis is correct, 
and if the measurements represent a new area of stable indi- 
vidual differences, the airplane pilot, the automobile driver, and 
the dish-breaking domestic servant are as suitable subjects for 
testing as is the industrial worker. One of the important char- 
acteristics of the proposal is that, since the measurements can 
be made before selection and before training is undertaken, 
many severe and some fatal accidents may be avoided. 


CHAPTER XIIT 
HOW TO CONSTRUCT TESTS 


Among the readers of this book there will certainly be some 
who will wish to design tests for their own experimentation. 
Only by actually designing and applying such tests can one gain 
real insight into the problems involved or develop an apprecia- 
tion of the advantages of the measurements secured, 


A SIMPLE Inspection TEST 


For purposes of illustration, let us take a simple industrial 
job on which the operators are required to inspect the product, 
one unit at a time, at a standard rate. Let us say that this job 
involves the examination of a round lead pencil to determine 
whether the lead is correctly centered in the wood cover. In 
this operation, there is obviously a manipulative factor involy- 
ing pickup, transport, positioning at the point of observation, 
transport again, and release. This operation cycle requires a 
separate test of motor abilities involving finger movement, 
wrist movement, forearm movement, and, to some extent, full- 
arm movement. The design of such a test can be left for later 


consideration. The immediate concern is with a test of the 
all differences between the circumference 


ability to perceive sm ; 
or to perceive 


of the cover and the circumference of the lead; 
differences in distances between the center of the cover and the 
center of the lead; or, if one prefers another expression, to per- 
ceive a difference between symmetry and nonsymmetry. | 
On the job the operator is required to reject pencils that dif- 
fer by more than some standard amount from perfect concen- 
tricity. That is, the operation involves the ability to detect 


small differences by means of visual perception. 
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MENTAL OPERATIONS 


In considering the mental operation involved, it seems rela- 
tively easy to design a suitable pencil-and-paper test. The test 
items will start with figures as far from concentricity as the 
worst pencil to be inspected, and will approach, in successive 
figures, the limit of perfect concentricity. The results of the 
first attempt to design such a test are shown in Fig. 28, be- 


Fic. 28. —Original Visual Perception Test. 


low. This test was designed by the writer’s associate, Holger 
D. Oleen, to mect a situation similar to that described. The 
first items on this test are so casy that anyone should be able 
to distinguish the ones to be rejected. The last units are so near 
perfect coneentricity that very few persons ean mark them with 
certainty. In fact, at a point somewhere before the last line is 
reached, the average person has started to make a considerable 
number of errors. Some of these errors are due to careless 
servation, but, as the difficulty of the test increases, the errors 


ob- 


or omissions tend to inerease rapidly. At some point the test 
goes beyond the place, called by psychologists the limen, at 
which the individual is able to discriminate the nonconcentric 
items from the concentrie ones. 


HOW TO CONSTRUCT TESTS 125 

The test provides for a time score, as well as an error score, 

since individuals are known to differ widely in the speed of 

their perception. In fact, in practical inspection work in the 

factory, the speed with which the inspection is performed is 

quite as important as the ability to discriminate the quality of 
the units. 


RELIABILITY AND VALIDITY 


Every constructor of a test must eventually answer in the 
affirmative two questions to justify the use of his test in the 
serious business of employee selection. The first is, “Is the test 
reliable?" i.e., does it give identical or very similar results every 
time it is applied to the same persons? The other is, “Is the 
test valid?” meaning, does it really measure the ability called 
for on the job for which it is designed? 

In answering the first question it must be remembered that 
reliability in a test is largely dependent upon the length of the 
measure, ie., upon the amount of time devoted to its perform- 
ance. Merely by increasing the number of eycles to be com- 
pleted we can inerease this reliability. The best length for 
practical application will always be a compromise between the 
ideal of perfect reliability attainable at an infinite amount of 
time and the unsatisfactory reliability that results when too 
little time is devoted to the test performance. 

In evaluating the technique explained in this book, we object 
to the usual appraisal of both reliability and validity in terms 
of a edefficient of correlation. We have emphasized that we are 
concerned primarily with the elimination from further consid- 
eration of those persons least suitable for the jobs in question, 
and with the identification of the best for purposes of further 
Selection by interview, physical examination, ete. A simple 
Percentage measure of the proportion of the same individuals 
who fall in the “best” groups on the test scores derived from 
successive applications of the test is therefore considered a bate 
ter measure of reliability. Similarly, the percentage of those 
in the selected group who make good on the job is a better 


Ineasure of validity. 
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CRITICAL Score 


In the preliminary tryout of the test on experienced operators, 
it is desirable to find the point, or score, above which falls the 
part of the distribution containing the old employees who are 
predominantly successful on the job and below which is a large 
proportion of unsatisfactory or incompetent employees. If the 
test used is really measuring basic abilities, new employees 
chosen from among those who had scores above this point 
should, in the vast majority of cases, become workers quite as 

satisfactory on the average as the old employees who scored 
above this level. The group scoring below this point should, 
and usually will, show about the same proportion of unsatisfae- 
tory and incompetent employees as was found among the group 
of older workers. 

In the practical work of selection, the choice of a suitable 
critieal score will depend in part on the condition of the labor 
market.. When applicants are plentiful, selection can be rigor- 
ously applied. When applicants are scarce, however, this criti- 
cal score, or point of acceptability, will tend to be lower as a 
matter of expediency. 

It must be remembered that if we skim off the best 5 per cent 
of applicants, practically all of them will succeed conspicuously 
on the job. If we must skim off the best 10 per cent, owing to 
the condition of the labor market, the selection procedure will. 
still give us highly satisfactory employees. If, however, we find 
it necessary to take the best 50 per cent, or more, of applicants, 
many of them will be near the average, and the selection pro- 
cedure will not show that percentage of success that will be 
obtained with the more rigorous selection of the best 5 or 10 
per cent. | 

The time has now passed when it is economically or scientifi- 
cally justifiable to give such tests experimentally and to hire by 
interview without regard to the test results, the assumption 
being that these employees will then be followed up in their 
subsequent employment to determine the value of the test tech- 
nique. On the basis of experience, it is recommended that 
where lack of a better method of setting a critical score exists, 
the average score be taken as the critical score and that no 


| 
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person be employed for the jobs to which the test is related 
whose score is below this average. This will usually give posi- 
tive assurance that practically all of the slow and incompetent 
will be eliminated at the outset. 


A Sree Dvar Test 


Let us now consider an industrial job on which the worker 
picks up two small parts simultaneously from hoppers to the 
right and left of the work space, transports them to a point in 
the middle plane of the body, and drops them simultaneously 
into a small carton. After a number of these cycles, the carton 
is closed by the action of both hands and pushed to the side of 
the work area with one hand, while the other hand sets a new 
carton in position in the holding fixture in front of the operator. 
This is a simple repetitive operation of a type very common in 
industry. It belongs to the category of dual operations, since 
both hands perform the task simultaneously with two identical 
parts, 

By direct observation, without the aid of time and motion 
analyses, it is obvious that this cycle of operations consists of 
the following five elements: (1) pickup; (2) transport; (3) 
position; (4) release; and (5) return empty. The most variable 
clement among these five will be that of positioning. Also, it is 
the most important. The design of the test should embody the 
five elements approximately in the same proportions they oc- 
cupy in the work cycle. If the positioning clement occupies 20 
per cent of the cycle on the job, it should be given at least this 
proportion of the cycle in the design of the test. 

The presentation of the parts or test items In the hoppers on 
the test should parallel their arrangement in the hoppers on the 
job. That is, if the parts are pre-positioned in the hoppers in 
the latter instance, the test should be arranged accordingly. | In 
general, speed of operation can be increased by pre-positioning. 

The same analogy holds true for positioning. The positioning 
clement on the test should be similar to, and at least as шы 
as, the positioning on the job. If indexing and pee a 
both present in the cycle, they must be presented. similar y E 
the test, It must also be remembered that positioning is largely 
museular and kinesthetic, with only а minor dependence upon 
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i. 2. 
Tic. 29.—Textile Thread Test. 
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visual perception, while indexing is usually heavily dependent 
upon visual perceptual ability. The job may often require a 
separate test of this latter ability. Evidence to support this 
observation may be deduced from Table II, page 27. 

A simple dual test of the kind shown in Fig. 19, page 82 
should be adequate for this job. A simple pin board. sing Pe 
of a size as small as the items used on the job, should also an- 
swer the purpose. 

With a test of this short-eyele variety, it will be found that 
testees will, in general, very soon attain their maximum speed. 
This characteristic implies quick learning on the job and indi- 
cates that a forecast of production based upon the test scores 
will be more accurate than is the case with longer cycles. 

A somewhat different type of test, involving many repetitions 
is shown in Fig. 29, page 128. The testee 


of a very simple cycle, 
is required to manipulate a string, using both hands to insert it 
is operation parallels certain 


їп a series of “pigtail” guides. Thi 
jobs in the textile industry. The manipulation involves finger, 
Wrist, and full-arm dexterity, while the spacing of the test units 
imposes а handicap upon persons with large, clumsy hands. 
The vertieal mounting of the test places it in the usual plane of 
operation used on the job, frequently an important considera- 


tion, 


SpECIAL CONSIDERATIONS IN DESIGN 


ests it is most important to require 
lved in manipulation be as 
on the job, and the items 


In the design of dexterity t 
that the muscular movements invo 
small or as refined as those required 
to be manipulated should be at least as small as the parts actu- 
ally handled in the work. Selecting assemblers who position 
and operate an electrical screw driver using а full-hand grasp 
and arm and wrist motions by s of a small pin board test 


18 manifestly absurd. 

Even more absurd, but unfort 
tempts to select. assemblers of electric 
а prescribed plan quite outside their own initiativ 
So-called tests of mechanical insight or ingenuity. A simple 
analysis of the finger and other motions called for on such & 
Job would easily give the an appropriate test. 

It cannot be too emphatically at one dexterity 


mean 


unately not unknown, are at- 
al instruments who follow 
e by means of 


requirements for 
asserted. th 
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found in satisfactory amount in an applicant is no guarantee of 
the presence of other dexterities. There is no guarantee that 
high general hand dexterity, for example, assures the presence 
of even mediocre hand-foot coordination or of dual dexterity. 
The need for designing a separate test for each of the types of 
ability required by jobs and groups of similar jobs should be 
apparent from a study of Fig. 30, page 131, showing the test 
profiles of 10 industrial employees. 


INTERPRETATION OF RESULTS 


In Fig. 30, No. 1 represents a worker much above average on 
all of the abilities tested. Number 2 is at the other extreme, 
uniformly poor on all the tests. Where a management is not 
“sold” on testing, or where lack of systematic handling and in- 
sight may assign workers without careful regard to these indi- 
cated abilities and handicaps, the only safe procedure is to se- 
lect persons who are, like No. 1, high on all abilities—but not 
many of these are to be found. Numbers 3, 4, 5, and 6 all have 
about the same level of general hand dexterity, but note that 
No. 4 has a much higher level of inspection ability and intelli- 
gence than No. 3, whereas No. 5 has a very high level of hand- 
foot coordination ability, and that this latter ability is most 
notably lacking in No. 6. Numbers 7 and 8 present almost 
diametrically opposite patterns of abilities, except for general 
hand dexterity, in which they are equal. Numbers 9 and 10 
present somewhat similar profiles of ability, with this exception. 
In hand-foot coordination No. 9 is deficient and No. 10 excels, 
whereas in inspection ability the situation is reversed, ie., No. 9 
is superior and No. 10 is markedly deficient. 

Profiles of this sort are extremely useful in assigning men to 
jobs when the tests are appropriate for such jobs. In some in- 
stances they might be quite misleading, for example, if a hand- 
and-foot job required use of both feet, and the test was a two- 
hand and one-foot test. While the latter test would probably 
give a better basis for assignment than any of the other tests, a 
man who scored well on it might have a special disability affect- 
ing the use of the foot that was not involved in the test but that 
would have to be used on the job. 


à 
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| Тһе practical use of such profiles is to enable the person mak- 
ing assignments to select the applicant possessing the combination 
of abilities called for on the job. Thus, a job requiring superior 
ability in both hand-foot coordination and in ingpettionsability 
would obviously be filled by No. 5. A job requiring general 
hand dexterity and superior intelligence could be filled by sev- 
eral. But more than half of these employees have special dis- 
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Fig. 30.—Profiles of industrial abilities, ten employees. 
taken account of in assignment, to make 


abilities that should be 
d on jobs for which they are spe- 


certain that they are not place 
cifically unfitted. 
Снооѕіха JOBS FOR Trsr DESIGN 

The number of tests to be designed is scen to depend upon the 
number of types of jobs for which operators are to be selected. 
The beginning is usually made with the jobs that are most diffi- 
cult to fill with suitable employees or for which training is most 
difficult, prolonged, and expensive. In our own practice, we 
prefer to attack the most difficult job first. When we have 
solved the problems such a job presents, everyone is pretty well 
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convinced that the method will be applicable with equal or bet- 
ter success to the many easier and simpler jobs. 

The person attempting to apply this technique for the first 
time might be well advised to try a simple job first, particularly 
a short-cycle dual job or a small-item packing job of the bi- 
lateral variety. Inspection jobs should come last, especially 
those involving span of perception, auditory perception, etc. 
The development of suitable tests in this latter area requires a 
background in experimental psychology, physiology, and psy- 
chophysies that is possessed by very few of those who may want 
to use this technique. 

No matter how difficult a job may be, or how difficult is the 
task of designing a suitable test for it, some immediate success 
in better selection, better performance, and reduced training 
time should result from a conscientious effort to apply the prin- 
ciples we have stated. Many refinements may have to be made 
in the test as first designed. "This is almost inevitable, and 
should not be a discouraging factor. 

The designing of such tests is an art in itself, Eventually 
this art, like all others, will have a body of principles to guide 
its practice. These principles originate in hypotheses regarding 
human abilities and belong originally in the realm of philosophy. 
When the hypotheses have been subjected to experimentation 
and have been found to hold—a procedure that belongs to the 
science of industrial aptitude testing—they can be expressed in 
principles. These principles will, in turn, serve as guides in 
practice, ie., in applying the art of selection by specially de- 
signed tests, 


CHAPTER XIV 
SUMMARY AND FORECAST 


This exposition of the new technique of industrial testing is 
not complete. New discoveries are constantly emerging as we 
prosecute this line of experimentation. Progress is continuous 
both in the refinement of the existing techniques and in the 
development of the new methods required as we attack fresh 
problems. 

SUMMARY 


It may be well to summarize what we believe to be the out- 
standing achievements resulting from our efforts thus far: 


1. Tests Designed from Time- and Motion-study Data.—This 
is the outstanding and original contribution of this approach to 
industrial aptitude testing. The application of this method 
gives positive assurance that a properly designed test will do 
what it is supposed to do, t.e., that it will select those who have 
in highest degree the innate capacities for the job, or related jobs, 
from which the design data are derived. To reiterate, the ques- 
tion “Will it work?” need no longer be asked. We know it will 
work. We need now only ask, “How well will it work?” 

2. The Discovery of New Areas of Human Individual Differ- 
€nces Significant for Success on Industrial Jobs.—The list of 
these now numbers more than a dozen items, with every reason 
to believe that it may be extended to several dozen more. Out- 
standing on the list are dual coordination, bilateral coordination, 
hand-foot coordination, and the various perceptual areas. Many 
others of importance will continue to emerge. 

3. Percentage Efficiency Scoring for Tests.—By the new tech- 
nique of converting raw scores into percentage efficiency scores, 
it is possible to make a forecast of the eventual performance of 
the testee on the job for which the tests are designed. This 
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means performance after training and with suitable job setup, 
supervision, and incentives. It is possible by this procedure to 
establish an objective toward which the accomplishment of the 
individual on the job may be directed. 

4. The Test as Criterion.—Since percentage efficiency scores 
may be used as a basis for predicting success on the job, the 
same measure will serve as a criterion against which to measure 
the success of supervision, and of management generally, in 
facilitating the indicated achievement. The basic argument for 
this procedure is that the test affords the most valid criterion, 
because of its inherent relationship with the job itself, and at 
the same time the most reliable and stable measurement of the 
ability called for. 

5. Separation of Motor and Perceptual Measurements —The 
deliberate separation of these two types of measurements has 
resulted in such notable success in the selection of inspectors and 
of operator-inspectors that discussion seems superfluous. This 
was such an obvious procedure in industrial testing that its be- 
lated introduction as a technique is hard to understand. 

6. The Motor-driven Test of Differential and Variable Speeds. 
—This is a new technique that has already met with marked 
success in the selection of machine operators. It points the way 
in design for an infinite number of similar tests for operators of 
machine tools, machines, and vehicles. The most difficult fea- 
ture of its development is to insure that it is measuring innate 
abilities rather than acquired skills. The basic principle in such 
a test can and will be extended in the several areas of percep- 
tion, and in both perceptual and motor rhythm. 

7. Nonverbal Perception Tests.—Visual Perception Tests A 
and B have demonstrated, by the unique success that has at- 
tended their application, the importance of a vast new area of 
nonverbal perception. This technique is the most logical one 
for the selection of salesmen, executives, engineers, and many 
others. The line of approach is now quite clear in devising 
highly effective tests for the selection of inspectors of cloth, tin 
plate, glass, bank-note paper, and other products. These devel- 
opments await only the effective demand of the producers of 
such goods. 

8. Percentage Appraisal of Success, rather than Correlation. 
—Tests designed by the method herein described are intended 
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to select the best and to eliminate the worst applicants in terms 
of the special abilities measured. We are primarily concerned 
with the proportion of the selected group who make good on the 
job. We are not concerned with those rejected for this job, but 
who may be, as we have demonstrated, quite well suited for jobs 
requiring other abilities. We have contended that the coefficient 
of correlation is a cumbersome and misleading generalization, 
and that it should be abandoned in favor of a simple percentage 
figure. It is our observation that failures among the persons 
whose measurements on the tests indicate high potential success 
on the job are almost always due to personality factors which 
lie outside the scope of the test and which were not identified in 
the personal interview procedures. In other words, the failures 
are due primarily to temperament and other aspects of person- 
ality, rather than to lack of the basic work abilities, the pres- 
ence of which has been identified and guaranteed by the test 
results. 

9. The Measurement of Accident-proneness.—This technique 
requires further investigation because of the probability that it 
may be easily and economically used to achieve substantial re- 
duetions in the number of aecidents experienced among the 
work force. Such reductions seem to be largely independent of 
any amount of safety training. They ean be achieved even 
after an intensive safety program has been in progress for years. 

10. Tests vs. Leveling.—The leveling procedure in time-study 
technique, because of its subjective nature and lack of objective 
measurements of the skill and effort factors separately, is one 
of the outstanding limiting factors in the reliability’ of time 
studies. We contend that test results expressed in terms of 
percentage efficiency give a measure, under conditions of maxi- 
mum incentive, of the basic innate abilities required, which can 


ace of the subjective and unreliable esti- 
and motion study 


be readily used in pl c 
mates. It is now up to the specialists in time am | 
to develop a method whereby these highly valid and reliable 
conditions of maximum incentives, can be 


test scores, under iti | 
onditions prevail- 


converted into usable terms at the optimum с 
ing on the job. 
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Forecast 


The foregoing summarization foreshadows what can be ex- 
pected of this technique in the immediate future. Even as this 
is written, new facts are being added to the body of experience 
from which the present procedures have been elaborated. No 
more propitious time than the present has ever existed for ex- 
tending the experimentation along the lines of this technique. 
In the military establishment alone, with its acute need for 
effective selection and rapid training of the multitudes of men 
who are required to handle the new mechanized equipment, 
there is justification for setting up an extensive research labora- 
tory in close proximity to the schools that are experimenting 
with the new weapons and equipment and for testing units in 
the field at every point where training is in progress. Why this 
has not been done already in view of the notable success that. 
has attended the use of this technique in industry is difficult to 
explain. That it will be done eventually—it is hoped not too 
belatedly—is almost a certainty. 

There is every reason to believe that when leaders in the labor 
movement become aware of the increased earnings and reduced 
effort that result from the application of this technique, they 
will not only urge, but actually demand, that it be used in the 
industries with which they are concerned. From a strictly non- 
partisan, scientifie viewpoint, it is believed that proper applica- 
tion of this technique has at least as much to offer labor as it 
has to offer management. 

The further extension of the present developments may be 
expected to occur within two somewhat different areas. Ехрегі- 
ence thus far has shown that it is possible to design a standard 
battery of three dexterity tests and two perceptual tests that 
will cover a large proportion of jobs in industry. These tests 
will be far better than any combination of pencil-and-paper 
tests and other tests of a more pronounced psychological char- 
acter. The battery of performance tests, particularly the dex- 
terity tests, will be physiological rather than psychological. 
The results will be expressed in terms of anatomical and physi- 
ological capacities and disabilities, affected only in minor degree 
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by the greater variability of mental processes of such categories 
as reasoning, imagination, and intelligence. 

The other line of development will include the construction 
of special tests where the number of jobs involved and the na- 
ture of the work justify this initial effort and expense. Such 
tests, designed from the results of time and motion studies and 
the other techniques indicated herein, will be better instruments 
of selection than any of the more general standard job tests. 
They will also be far superior to any selected battery of pencil- 
and-paper tests. 

"This technique has now arrived at the point where the whole 
operation of analysis of a job for test elements, design and con- 
struction of the test, and its standardization on a sample group 
requires only a few days. Testing time per employee is limited 
to not more than one hour, and often to a shorter period. If 
the test is properly designed on the basis of accurate data, if it 
is properly applied, and if the results are correctly interpreted, 
it must work. It will yield results that are both reliable and 
valid—results that may be used with confidence in the selection 
of employees. 

It is hoped that all those who are in a position to experiment 
with tests of this character will undertake their development 
and use. If the principles are correctly followed, there should 
be few errors, and these not of a serious nature. Speed in the 
development of such tests and insight into their design and use 
will come with experience. Such successful experience will more 
than justify the time and effort spent in reading this book. 
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27, 42 
operation of, 40-41, 116 
retest on, 44 
time scores on, 43 
relation of, to dexterity tests, 
27, 42 
Character and Personality, 114n. 
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Choice Reaction Time Test, 114 
Controlled Turning Test, 61, 62 
operation of, 62, 63 
reliability of, 64 
savings on, 63, 64, 65 
Coordination, bilateral hand, area 
of individual differences, 16, 83 
dual, 60f. 
jndividual differences in, 60, 66 
tests of, 61-66 
(See also Dual operation) 
dual hand, 12 
area of individual differences, 16 
category of test design, 13 
dual hand-and-one-foot, area of 
individual differences, 16 
general body, area of individual 
differences, 16 
category of test design, 13 
hand-foot, 10, 14, 24, 27f., 78 
category of test design, 13 
implications of, for industrial 
engineering, 34 
individual differences in, 27, 66 
relation of, to accidents, 32, 33 
motor, measurement of, 5, 6 
Correlation, coefficient of, 11-12, 125 
inter-, of aptitude test scores, 27 
percentage appraisal as opposed 
to, 134-135 
probable error, relation to, 12 
Critical score, the, 44, 126-127 
influence of labor market on, 85, 
126 
D 


Design of tests, categories of jobs 
for purposes of, 13 
choosing jobs for, 131-132 
considerations in, 129-130 
elements in, 13 
principles of, 16-18, 132 
training for, 18-19 
Detroit Mechanical Aptitude Test, 
73 
correlation of scores on, with 
Machine-operator Test, 70 


Detroit Mechanical Aptitude Test, 
scores on, relation to foreman’s 
ratings, 72 
Dexterity, design of tests of, 129-130 
general finger, area of individual 
differences, 16 
general hand, 27 
category of test design, 13 
Dotting Test, 114 
Drake, Charles A., investigations of, 
114n., 115n. 
Dual Hand-and-foot Test, 30, 31 
intercorrelation of scores on, with 
other measures, 29 
operation of, 29 
Dual Hand Test, 81-82 
operation of, 81-82 
Dual operation, 10, 14, 24, 94 
ability, specialized function, 60-61 
mechanical aids in, 66 
savings by, 60, 63-64, 66, 81 
percentage, computation of, 61- 
62 
E 


Eagle Pencil Company, experimen- 
tation at, 12-13, 27-28, 29, 39-44 

Earnings, possible criterion for 
measuring effectiveness of test, 
11, 14 

Effort ratings, 4 

Engineering schools, responsibility 
of, 3 

Eugenical News, 113n. 


F 


Factory Management and Main- 
tenance, 36n., 115n. 
Farmer, E, and Chambers, E. G. 
investigations of, 114, 120, 121 
Fatigue, decrease in, 1-2 
repetitious work and, 90-91 
Fear, of work, 98 
and accidents, 98-99 
Fixtures, design of, 24, 32-33 
strength of operator, a factor in, 
33 
(See also Machine design) 


INDEX 


Foreman’s rankings, 116 
“halo” effect in, 13 
possible criterion for measuring 
effectiveness of test, 11, 13-14 
relation of, to scores on Pin 
Board E, 8-9 
to scores on other tests, 70-72 
reliability of, 14 
validity of, 14 
Foremen, selection of, 92-93, 95 


G 


Gilbreths, work of, 1, 2, 12 
Greenwood, M., and Wood, Н. M, 
investigations of, 113, 113n. 


H 


Hand dexterity tests, 78-80 
Hand-foot Test I, 28 
intercorrelation of scores on, with 
other measures, 27-28 
operation of, 28 
range of scores on, 29 
Hand-foot Test II, 77-78 
"Hand" of fabrics, tests for, 57-58 
Henmon-Nelson Test of Mental 
Ability, 45 
Human factor, measurement of, 1, 
4, 10 
probable error in handling of, 7 
weakness of management in deal- 
ing with, 1 


T 


Indexing, on job and on test, 127, 
129 
Individual differences, human, in 
abilities and aptitudes, 3 
ureas of, 13, 16, 24, 133 
bearing of, on performance, 13, 23 
new areas of, 16, 25-26, 133 
methods engineering, relation to, 
15 
Industrial Fatigue Research Board 
Reports, 113n., 114n. 
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Inspection, 10, 35/7., 49, 51 
auditory, 35 
gustatory, 35 
kinesthetie, 80 
olfactory, 35 
and quality control, 47 
tactual, 35 
tests, 35, 123-125 
(See also Tests, perception) 
visual, 35 
(Sec also Perception) 
Inspection ability, 14, 25 
auditory acuity, relation to, 35 
intelligence, relation to, 45 
visual acuity, relation to, 35-36, 46 
(See also Perceptual ability) 
Inspection Test, 80-81 
operation of, 80 
reliability of, 80-81 
Intelligence, general, 51 
area of individual differences, 23 
individuals of average, 21 
necessity for effecting an organ- 
ization around, 21 
individuals of inferior, 22 
individuals of superior, 21-22 
social intelligence, relation to, 50- 
51 
testing, history of, 4-5 


J 


Job analyses, basis for test design 
and specifications, 60, 73 

Job testing, backgrounds of, 10, 
117. 
(See also Tests, job) 

Johnson and Johnson, experimenta- 
tion at, 29-30, 98 

Journal of Engineering Education, 
3n. 

K 


Kinesthetie Perception Test, 56, 57 


operation of, 55-56 
reliability of, 57 


x 
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L 


Learning ability, 10 
effects of low aptitude on, 96, 102 
influence of fear on, 98-99 
influence of previous failure on, 
99 
other inhibitions to, 99-100 
tests and, 94ff. 
Learning curves, 111-112 
combined scores, 110 
hypothesis, 106 
individual, 108, 109, 110 
for individual of high aptitude, 
102 
of low aptitude, 102 
Left-right Turning Test, 61, 63 
operation of, 62-63 
reliability of, 64 
savings on, 63, 64 
Limen, 124 
Link, Henry C., 76 


M 


Machine, as test, 30-31 
Machine design, 17-18, 32-33 
limitations of human structure on, 
23-24 
Machine-operator Test, 67/7. 
intercorrelation of scores on, with 
other measures, 70-71, 72 
operation of, 68-69 
ranks on, relation to foreman's 
ratings, 71, 72 
reliability of, 70, 73 
Management, as practical art, 1f. 
scientific, status of, 1-2 
Mcthods engineering, relation of, to 
management, 15 
as science and art, 15-16 
(Sce also Selection) 
“Minimal cues,” 49-50 
individual differences in response 
to, 57 
measurement of ability to react 
to, 57 
Mogensen, Allan H., 12 


Monotony, 90, 91 
Motor reactions, effect of alcohol 
on, 54, 120 
effect of distractions on, 120 
effect of fatigue on, 54, 120 
effect of increase of speed of, 53 
individual differences in, 53 
Motor Rhythm Test, 76-77 
operation of, 76 
reliability of, 76-77 
scores on, correlation with other 
measures, 27, 76, 77 
distribution of, 87 


N 


National Safety Council, 99 
Newbold, E. M., investigations of, 
113, 113n. 
[^ 


O'Connor Tweezer Dexterity Test, 
operation of, 115 
Oleen, Holger D., 36n., 124 
Operation cycle, 2, 16, 17, 31 
analysis of, as basis for design of 
tests, 12, 83 
length of, effect of, on percentage 
efficiency, 87-88 
long, 87-88, 89, 90 
forecasting production on, 129 
serialization of elements of, 100 
short, effect of, on savings by dual 
operation, 60 
forecasting production on, 129 
implications of, for production, 
89 
Self-administering Test of 
Mental Ability, 45 


Otis 


P 


Percentage efficiency, a possible cri- 
terion for measuring effective- 
ness of test, 14 

Perception(s), 10, 25, 48f. 

accuracy of, range of ability in, 6 
application of facts of, 49-50 


INDEX 


Perception(s), auditory, 12, 35, 46 
dimensions of, 46 
and quality control, 54 
test of, 46-47 
auditory acuity, relation to, 35 
definition of, 6 
effect of alcohol on, 54, 120 
effect of distractions on, 120 
effect of drugs on, 54 
effect of emotional states on, 54 
effect of fatigue on, 54, 120 
engineering aptitude and, 52-53 
individual differences in, 53, 57, 
125 
intuition, relation to, 50 
kinesthetic, 12, 55, 56-58, 71 
and quality control, 54 
measurement of, 5, 49 
nonverbal, 52 
reasoning, relation to, 49 
sales, tests of, 50-51 
sensation, relation to, 49 
Sensory acuity, relation to, 35 
social intelligence, aspect of, 50- 
51 
of space and time relationships, 70 
Speed of, range of ability in, 6 
tactual, 12, 54-55, 58 
in three dimensions, 38, 119 
in two dimensions, 38, 119 


tests of (see Visual perception 
tests) 
Visual acuity, relation to, 6, 35, 
36, 46, 48-49, 120 
Perceptual ability, area of indi- 
vidual differences, 16 
background, relation to, 45 
category of test design, 13 
illumination, relation to, 45, 50 
Sense organs, relation to, 25 
Visual, kinds of, 36 
discrimination of small dif- 
ferences, 36 
tests for, 36-44, 123 
Span of perception, 36 
test for, 44-45 
deterioration of, 46 
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Perceptual ability, effect of color- 
weakness and color-blindness 
on, 49 
periodic checkups of, 46 
(See also Visual perception 
tests) 

Perceptual measurements, separa- 
tion of, from motor measure- 
ments, 134 

Performance, level of, 94-95 

optimum, 24-25 

Personnel, 114n. 

“Physiological limit," in industry, 
94, 111 

Pin Board E, 61 

operation of, 62-63, 115 
relation of scores on, to foreman’s 
rankings, 8-9 
reliability of, 64 
savings on, 63, 64 
Pin Board I, 78, 79 
operation of, 78-80 
Pin Board II, 79 
operation of, 80 
“Plateaus,” learning, 99-100 
Positioning, pre-, 127 
on test and on job, 16, 31, 127, 129 
Probable error, 7, 9, 10 
as basis for forecasts, 
coefficient of correlation, relation 
to, 12 
concept of, 7-8 

Production, а possible criterion for 
measuring effectiveness of test, 
11, 14 

Psychographs, 117 

Pursuit Meter Test, 114 


Q 


Quality, a possible criterion for 
measuring effectiveness of test. 
14 

Quality control, bearing of percep- 
tion on, 54 


inspection and, 47 
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R 


Rating scales, weaknesses of, 4 
Reduced cues, 49-50 
individual differences in response 
to, 57 
measurement of ability to react 
to, 57 
“Rhythm, area of 
ferences, 16 
of work, individual differences in, 
24-25 
Right-right Turning Test, operation 
of, 115 
scores on, relation to accident in- 
dex, 118-119 


individual dif- 


Б 


Scientific Monthly, The, 114n. 
Scores, critical, 44, 126-127 
percentage efficiency, 86-87, 89, 
133-134 
advantages of, 86-87 
relation to length of cycles, 87- 
88 
percentile, 85-86 
objection to use of 86 
standard, 86 
Selection, effect of labor market on, 
85, 126 
of foremen, 92-93, 95 
of inspectors, 4 
relation of intelligence to, 45 
industrial employee, requirements 
of, 12 
problem of, 96 
relation of carnings to, 111-112 
of salesmen, 51-52 
as science and art, 15-16 
by test, 11, 51, 97 
as a factor in accident reduc- 
tion, 98-99, 114-115 
use of industrial ability profile in, 
130-131 
Self-expression, in industry, 20 
Sensation, as distinguished from per- 


ception, 6 


Sewing-machine Test, 75 
operation of, 76 
Skill(s) criteria of, in performance, 
111 
effects of low aptitude on, 96, 102 
inhibitions to, 99-100 
motor, and production, 85/]. 
muscular, experiment in learning 
of, 102f. 
new, development of, 100-101 
ratings, 4 
transfer of, 101 
Spiral Inspection Test, 41 
error scores on, 42 
relation to dexterity tests, 27 
operation of, 39-40, 115-116 
relation of scores on, to accident 
index, 118, 119 
time scores on, 42 
relation to dexterity tests, 27 


p 


Tactual Perception Test, 55 
operation of, 54 
Taylor, Frederick W., 1 
Test(s), aptitude, design of, 18 
development of, 9 
intercorrelations of scores on, 27 
legal, 49 
mechanical, 5, 70-71 
sales, 49, 51-52 
battery of, 11, 12, 136 
Bilateral Hand, 82-83 
correlation of scores on, with 
other tests, 82 
operation of, 82 
Case Inspection, 41 
error scores on, 43 
relation of, to dexterity tests, 
27, 42 
operation of, 40-41, 116 
retest on, 44 
time scores on, 43 
relation of, to dexterity tests, 
27, 42 
construction of, 123f. 
Controlled Turning, 61, 62 


INDEX 


Test(s), Controlled Turning, opera- 
tion of, 62, 63 
reliability of, 64 
savings on, 63, 64, 65 
as criterion, results of, for meas- 
uring efficiency of productive 
process, 14-15, 85, 134 
design of, art of, 17, 18, 132 
categories of jobs for purposes 
of, 13 
choosing jobs for, 131-132 
considerations in, 129-130 
dexteri 129-130 
for discrimination of small dif- 
ferences, 36-44 
elements in, 13 
principles of, 16-18, 132 
a simple dual, 127, 129 
for span of perception, 44, 45 
training for, 18-19 
Detroit Mechanical Aptitude, 73 
correlation of scores on, with 
Machine-operator Test, 70 
relation of scores on, to fore- 
man’s ratings, 72 
Dual Hand, 81-82 
operation of, 81-82 
Dual Hand-and-foot, 30, 31 
intercorrelation of scores on, 
with other measures, 29 
operation of, 29 
hand dexterity, 78-80 
Hand-foot I, 28 
intercorrelation of 
with other measures, 27-28 
operation of, 28 
range of scores on, 29 
Hand-foot II, 77-78 
inspection, 35, 123-125 
(See also Tests, perception) 
Inspection, 80-81 
operation of, 80 
reliability of, 80-81 
intelligence, relationship between 
results on, and performances 
on jobs, 4 
in selection of inspectors, 4 
in selection of management per- 
sonnel, 4-5 


Scores OD, 
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Test (s), intelligence, social, 49 
job, 6, 75. 
(See also Job testing) 
Kinesthetic Perception, 56, 57 
operation of, 55-56 
reliability of, 57 
and learning ability, 947. 
Left-right Turning, 61, 63 
operation of, 62-63 
reliability of, 64 
savings on, 63, 64 
Machine-operator, 67]. 
intercorrelation of scores on, 
with other measures, 70-71, 72 
operation of, 68-69 
relation of ranks on. to fore- 
man’s ratings, 71, 72 
reliability of, 70, 73 
motor, 17, 44 
relation of scores on, to acei- 
dent index, 117 
motor-driven, 57, 67, 134 
Motor Rhythm, 76-77 
correlation of scores on, with 
other measures, 27, 76, 77 
distribution of scores on, 87 
operation of, 76 
reliability of, 76-77 
O'Connor Tweezer Dexterity, op- 
ion of, 115 
pencil-and-paper, 11 
utility of, in selecting operating 
personnel, 22, 23 


en 


perception, 134 
for diserimination of small dif- 
ferences, 36-44 
Original Visual 
Test, 124 
Visual Perception Test A, 37, 
76 
intercorrelation of scores 
on, with Machine-opera- 
tor Test, 70, 71, 73 
scores on, relation to fore- 
man’s ratings, 72 
tendency to bimodality of 
scores on, 53 


Perception 
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Test(s), perception, Visual Percep- 
tion Test B, 37, 38, 76 
scores on, intercorrelation 
of, with Machine-opera- 
tor Test, 70, 71, 73 
relation of, to foreman’s 
ratings, 72 
tendency to bimodality of 
scores on, 53 
Visual Perception Test C, 37, 
39 ý 
Visual Perception Test D, 37, 
40 
scores on, relation to accident 
index, 117 
for span of perception, 44, 45 
performance, 10 
construction of, 123/. 
in measurement of ability to 
work rhythmically, 24 
in selection of operating per- 
sonnel, 23 
Pin Board E, 8, 61 
operation of, 62-63, 115 
reliability of, 64 
savings, 63, 64 
scores on, related to foreman's 
ranking, 8, 9 
Pin Board I, 78, 79 
operation of, 78-80 
Pin Board II, 79 
operation of, 80 
possible criteria for measuring ef- 
fectiveness of, 13-15 
earnings, 11, 14 
foreman's rankings, 11, 13, 14 
percentage efficiency, 14 
production, 11, 14 
quality, 14 
reliability of, 44, 84, 125 
Right-right Turning, operation of, 
115 
scores on, relation to accident 
index, 118, 119 
sensory, 48 
Sewing-machine, 75 
operation of, 76 
Spiral Inspection, 41 


PERSONNEL SELECTION BY STANDARD JOB TESTS 


Test(s), Spiral Inspection, 
scores on, 42 
relation of, to dexterity tests, 
27 
operation of, 39-40, 115-116 4 
Scores on, relation to accident | 
index, 118-119 | 
time scores on, 42 
relation to dexterity tests, 27 
standardized, 11, 13 
Tactual Perception, 55 
operation of, 54 
Textile Thread, 128 
operation of, 129 
trade knowledge, 5 
validity of, 84, 125 
verbal, 4-5 
ability identified by, 5 ^ 
work-limit type, 17, 115 
handling of scores on, 85, 86 
Textile Thread Test, 128 
operation of, 129 
Textile World, 57n. 
Therblig Analysis, 12-13 
basic elements for test design, 12- 
13 
Therbligs, on test and on job, 16 
Time and motion study, 2-4 
attitude toward, 2-3 
data, as basis for test design, 133 
leveling procedure in, 135 
irial and error in, 3 
Time-study engincers, 2, 3, 4 
and aptitude testing, 3n. 
responsibility of, 3, 9 
Training, foremanship, 95 
safety, 113 
(See also Tests, and learning 
ability) 


error 


y 


Visual perception tests, 36-44, 45 
Original Visual Perception Test, 
124 
Visual Perception Test A, 37, 76 
intercorrelation of scores on, 
with Machine-operator Test, | 
70, 71,73 
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Visual perception tests 
Visual Perception Test A, relation 
of scores on, to foreman’s rat- 
ings, 72 
tendency to 
Scores on, 53 
Visual Perception Test B, 37, 38, 
76 
intercorrelation of scores on, 
with Machine-operator Test, 
70, 71, 73 
Scores on, relation to foreman’s 
ratings, 72 
tendency to 
scores on, 53 


bimodality of 


bimodality of 


Visual perception tests, Visual Per- 
ception Test C, 37, 39 
Visual Perception Test D, 37, 40 
Vocational guidance counselors, 
plaint of, 20, 21 


wW 


Wonderlie's adaptation of Otis Test, 
scores on, intercorrelation of, 
with Machine-operator Test, 
70, 71-72 

relation of, to foreman’s ratings, 
72 
Work Simplification program, 12 


